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February 2012General Relativity
“Mass tells space-time how to curve, and 
space-time tells mass how to move.”  
J.A. Wheeler
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February 2012GR Predictions
from 1916-1918

I. Mercury’s perihelion advance
43” / century,  first noted by Urbain Le Verrier in 1859

2. Gravitational deflection of light
Observed by Eddington during the 1919 eclipse, repeated 
in 1922 by Lick Observatory

3. Gravitational redshift
Definitively measured  by the Pound-Rebka experiment in 
1959 using Mössbauer spectroscopy.

4. Gravitational waves
Predicted in 1918, indirectly observed via the orbital 
dynamics of the Hulse-Taylor binary pulsar, 1974
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February 2012Modern Gravity

Black holes
- Active Galactic Nuclei
- Xray Binaries
- Sagittarius A*

Neutron Stars:
- Millisecond pulsars
- Soft Gamma Repeaters

Gamma Ray Bursts
- Long GRBs, core collapse supernova?
- Short GRBs, compact binary inspirals?

Cosmology 
- Inflation era GWs 
- Dark Energy / Matter
- Large scale structure formation
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Directly 
observable with 
gravitational 
waves

Accessible with  
GW astronomy
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Gravitational Waves

K. Thorne (Caltech) , T. Carnahan (NASA GSFC)

Perturbations of 

geometry can be 

expressed as fractional 

distortion of proper 

distances:

h = dx/|x|

For varying source 

quadrupole moment Q
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for a binary system:
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Figure 3. Chirp waveform from an inspiral event of a compact binary system. On the right
hand side the dependency of the waveform on the orbital eccentricity e and the orbital
inclination ι is demonstrated. The plot is taken from Ref.14.

• end point (merger) ⇒ large scale nuclear matter. If the nuclear state
equation of a neutron star is soft the merger may happen earlier due to a
hydrodynamic melting effect. On the other hand the gravitational field
of the companion star may trigger the neutron start to fall into a black
hole before the actual merger.

Calculating waveforms for coalescing compact binaries is straight forward,
if the distance between the two objects is large, but for black hole mergers it
is a formidable challenge. The coalescence of two black holes can be roughly
divided into three phases:

• inspiral: The two black holes are well separated and the waveform of the
emitted gravitational waveform is known,

• merger: The horizons of the two black holes merge together and the
calculation of the exact waveform requires extensive simulations on a
super computer, and

• linear pulsations: The two black holes have merged into a single black
hole in an excited state. The excited state can be treated as a linear
pulsation which decays by emitting gravitational waves.

9
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+ polarization x polarization

Quadrupole wave with 
two polarizations:
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Binary NS system
- m1~m2~1.4 M 

- r = 1.6 x 109 m
- Torbit = 8 hr
- 7.5 kpc from Earth

GR predicts periastron 
shift of -3mm/orbit

9

Weisberg, Taylor - ASP Conf. Series 2004
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- Torbit = 8 hr
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GR predicts periastron 
shift of -3mm/orbit
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Weisberg, Taylor - ASP Conf. Series 2004

hnow = 5× 10−23

hisco = 5× 10−18
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Bursts

GW sources
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• Strong-field GR 

• Core collapse supernova

• z~1 standard candle

• Inflation era stochastic 
background

• Neutron star Equation of 
State

• No-hair theorem

• ... 
11
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12

~ 1 mW

LIGO 0.01

L = 10m

Michelson, Morley 1887
Albert A. Michelson

30 cm
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~ 1 mW

LIGO 0.01

L = 10m

Michelson, Morley 1887
Albert A. Michelson

30 cm

“0.01  = 5 nm” First GW detector
 dx/x ~ 5 x 10-10 
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1-July-05 YKIS2005 - Barish 10

The LIGO Scientific Collaboration
500 scientists at 42 institutions

27 US & 15 internationalLIGO detectors
LIGO Hanford:

4 km H1
2 km H2

LIGO Livingston:
4 km L1
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Laser

ETM

ITM

BS
PRM
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FIIO

MC

ETM = End test mass

ITM = Input test mass

BS = 50/50 beamsplitter

PRM = Power recycling mirror

MC = Mode cleaner

FI = Faraday isolator

IO = Input optics

AS = Anti-symmetric port

PO = Pick-off port

REF = Reflection port
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Figure 1: Optical and sensing configuration of the LIGO 4 km interferometers. The IO block

includes laser frequency and amplitude stabilization, and electro-optics modulators. The inset

photo shows a test mass mirror, in its suspension, prior to installation in the vacuum system. The

near face is the high-reflecting surface, through which one can see mirror actuators arranged in

a square pattern near the mirror perimeter.

cavity (mode cleaner, MC), which provides a stable, spatially pure beam; additional filtering of

laser noise; and serves as an intermediate reference for frequency stabilization.

The interferometer optics, including the test masses, are fused silica substrates with multi-

layer dielectric coatings, manufactured to be extremely low-loss. The substrates are polished so

that the surface deviation from a spherical figure, over the central 80 mm diameter, is typically

less than a few angstroms, and the surface microroughness is also less than a few angstroms.

The absorption level in the coatings is generally a few parts-per-million (ppm) or less, and the

total scatter loss from a mirror surface is estimated to be 20-30 ppm.

The main optical components and beam paths–including the long arms–are enclosed in an

ultra-high vacuum system (10−8 − 10−9
torr) for acoustical isolation and to reduce phase fluc-

tuations from light scattering off residual gas. The 1.2 m diameter beam tubes contain multiple

baffles to trap scattered light.

Each optic is suspended as a pendulum by a loop of steel wire. The position and orienta-

tion of an optic can be controlled by electromagnetic actuators: small magnets are bonded to
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Initial LIGO
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LIGO-P720002-00-R

LIGO-P720002-00-R

LIGO-P720002-00-R

Noise sources
a.Laser amplitude 

b.Laser phase 

c. Mechanical thermal 

d.Radiation pressure 

e.Seismic 

f. Thermal gradient 

g.Cosmic ray 

h.Gravitational gradient 

i. Electric/Magnetic field
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Predictions for the rates of compact binary coalescences observable by ground-
based gravitational-wave detectors
Classical and Quantum Gravity  27 (2010) 173001 

NS-NS NS-BH BH-BH

Rate
(MWEG−1 yr−1)

100 1000
1 3 100

0.05 0.4 30
0.01

iLIGO
(yr−1 )

0.02 0.2
2×10−4 0.004 0.1

7×10−5 0.007 0.5
2×10−4

aLIGO
(yr−1 )

40 400
0.4 10 300

0.2 20 1000
0.4

1

Thursday, February 23, 2012



Waldman 
LBL RPM 

February 2012Rates

21

Predictions for the rates of compact binary coalescences observable by ground-
based gravitational-wave detectors
Classical and Quantum Gravity  27 (2010) 173001 

NS-NS NS-BH BH-BH

Rate
(MWEG−1 yr−1)

100 1000
1 3 100

0.05 0.4 30
0.01

iLIGO
(yr−1 )

0.02 0.2
2×10−4 0.004 0.1

7×10−5 0.007 0.5
2×10−4

aLIGO
(yr−1 )

40 400
0.4 10 300

0.2 20 1000
0.4

1

Thursday, February 23, 2012



Waldman 
LBL RPM 

February 2012

Initial LIGO
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Applied LIGO
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• Improved isolation
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• Installation began 
October 20, 2010
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Two-stage, 12 DOF isolation 
system

24 sensors, 12 actuators

Mechanical resonance ~1 Hz

700 kG payload 

~ 1 pm / Hz1/2 at 10 Hz

25

(led by B. Lantz of Stanford)
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Brownian motion of the 
lossy mechanical system

Dominated by the multi-
layer dielectric coating

26

Suspension

Substrate

Coating

~ mechanical 
Johnson noise

vn(f) =
√

4πkTR
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27
LASTI Monolithic suspension 2010

welded fused 
silica fibers

Silicate 
bonding

LIGO-G1000563-v3!

Advanced LIGO  
Quad suspension"

!  Monolithic suspension prototype  
to be installed in coming weeks"

!  First production quad floating with  
metal masses at LHO"

LSC-Virgo Meeting 7-10 June 2010, Hannover, Germany! LIGO Laboratory - Caltech! 8"

• Reduce suspension 
thermal noise ~10x 

• 40 kg test mass
• 4 stages 
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34cm, 40 kg

Monolithic fiber 
suspension

Electrostatic 
actuation 

28

LIGO LIGO-E1200093-v3 

 9 

4.1 Results of manipulation 

 
Figure 7: Manipulated map is an estimate of the coating uniformity minus the substrate.  
Better estimates were obtained later, showing lower power and astigmatism.  This is the map 
used by Yamamoto in estimating the loss. 

4.2 Estimated loss in LIGO 

The first phase map shows the dataset after manipulation to minimize power and astigmatism over 
the center 150 mm diameter.  This is the map analyzed by Yamamoto in T1200062.  He finds  the 
diffractive loss is ~5ppm and the higher order mode in the cavity is ~22ppm when used on an ITM, 
this is very good.  However, when the phase map is multiplied by 2 as it would be for an ETM 

RMS ~ 0.5 nm

First installed test mass 
at LHO, Jan 2012
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Glasgow fiber test 2010
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Suspension Design for Advanced LIGO

7

• Target noise level (both for thermal and 
seismic noise): 10-19 m/ 

 

Hz at 10 Hz

• Thermal noise reduction: use 
monolithic fused silica suspension as 
final stage 

• Seismic isolation: use quadruple 
pendulum + 3 stages of maraging steel 
blades for vertical isolation

» isolation @ 10Hz: quad ~ 3e-7,   
c.f. single stage ~ 5e-3

• Control noise minimisation: apply 
damping at top mass (for 6 degrees of 
freedom) + use quiet reaction 
pendulum for global control actuation

» coil/magnet actuation at top 3 
stages

» electrostatic drive at test mass
40 kg silica 
test mass

four stages
parallel reaction 
chain for control 
actuation
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c.f. single stage ~ 5e-3

• Control noise minimisation: apply 
damping at top mass (for 6 degrees of 
freedom) + use quiet reaction 
pendulum for global control actuation

» coil/magnet actuation at top 3 
stages

» electrostatic drive at test mass
40 kg silica 
test mass

four stages
parallel reaction 
chain for control 
actuation
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Activity ID Activity Name Funding
Agency

Orig
Dur

Rem
Dur

Start Finish %
Comp

Total
Float

LIGO  LIGO LaLIGO  LIGO Lab Program - AdvL CurrentLIGO  LIGO Lab Program - AdvL Current 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4  AdvanLIGO.4  Advanced LIGO ProjectLIGO.4  Advanced LIGO Project 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13  InstallaLIGO.4.13  Installation (IN)LIGO.4.13  Installation (IN) 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2  InstalLIGO.4.13.2  Installation (IN)LIGO.4.13.2  Installation (IN) 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2.2  IN ILIGO.4.13.2.2  IN Installation Site 1 (L1)LIGO.4.13.2.2  IN Installation Site 1 (L1) 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2.2.1  ILIGO.4.13.2.2.1  IN Site Management for Installation L1LIGO.4.13.2.2.1  IN Site Management for Installation L1 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2.2.3  ILIGO.4.13.2.2.3  IN Installation, Testing & Acceptance Site 1 (L1)LIGO.4.13.2.2.3  IN Installation, Testing & Acceptance Site 1 (L1) 645 605 20-Oct-10 A 03-Jun-13 4

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.2  IN PSL/IO/IMC Install & Testing L1LIGO.4.13.2.2.3.2  IN PSL/IO/IMC Install & Testing L1 340 300 20-Oct-10 A 15-Mar-12 19

LIGO.4.13.2.2.3LIGO.4.13.2.2.3.2.1  IN PSL & Table Install Enclosure L1LIGO.4.13.2.2.3.2.1  IN PSL & Table Install Enclosure L1 239 199 20-Oct-10 A 14-Oct-11 60

IN-L1-P1089 INS L1:  Remove Existing Laser/Install Table  (LOE) NSF 106 3 20-Oct-10 A 06-Jan-11 75% 103

IN-L1-P1305 INS L1:  Characterize Table NSF 5 3 20-Dec-10 A 06-Jan-11 75% 103

IN-L1-P1400 INS L1:  Install/Assemble PSL on Table NSF 50 50 27-Apr-11 07-Jul-11 0% 57

IN-L1-P1410 INS L1:  Install IO for PSL on Table NSF 10 10 08-Jul-11 21-Jul-11 0% 57

IN-L1-P1450 INS L1:  PSL/IO Table Testing NSF 60 60 22-Jul-11 14-Oct-11 0% 57

LIGO.4.13.2.2.3LIGO.4.13.2.2.3.2.2  IN Install Vertex L1LIGO.4.13.2.2.3.2.2  IN Install Vertex L1 177 137 20-Oct-10 A 19-Jul-11 122

IN-L1-P1500 INS L1:  Remove/Move Existing Equip in Vertex & Clean  (LOE) NSF 109 115 20-Oct-10 A 16-Jun-11 60% 4

IN-L1-P1505 INS L1:  Remove OpLev/TCS tables and Piers NSF 20 19 20-Oct-10 A 31-Jan-11 70% 26

IN-L1-P1555 INS L1:  Empty BSCs 1, 2, 3 NSF 20 19 16-Dec-10 A 31-Jan-11 10% 26

IN-L1-P1611 INS L1:  CDS Install (LVEA Chambers) (LOE) NSF 68 68 04-Jan-11 11-Apr-11 0% 191

IN-L1-P1355 INS L1:  String Cables & Install CDS Racks (All HAM's and All... NSF 30 30 04-Jan-11 15-Feb-11 0% 191

IN-L1-P1515 INS L1:  Remove Output Tube/Remove Septum Plate NSF 10 10 01-Feb-11 14-Feb-11 0% 35

IN-L1-P1525 INS L1:  Remove Input Tube NSF 10 10 01-Feb-11 14-Feb-11 0% 26

IN-L1-P1699 INS L1:  Relocate Vac Equip  (LOE) NSF 82 104 01-Feb-11 28-Jun-11 0% 13

IN-L1-P1610 INS L1:  Relocate HAM 6 NSF 10 10 15-Feb-11 01-Mar-11 0% 26

IN-L1-P1530 INS L1:  Install HEPI Piping NSF 30 30 15-Feb-11 29-Mar-11 0% 35

IN-L1-P1629 INS L1:  Install/Modify all HEPI  (LOE) NSF 34 34 15-Feb-11 04-Apr-11 0% 26

IN-L1-P1600 INS L1:  Relocate HAM 1 NSF 10 10 02-Mar-11 15-Mar-11 0% 45

IN-L1-P1630 INS L1:  Install HEPI  (HAM 5, 6)/Modify HEPI  (HAM 4) NSF 24 24 02-Mar-11 04-Apr-11 0% 26

IN-L1-P1612 INS L1:  Satellite Connection, Rack to Chamber Test (HAM4-6) NSF 10 10 02-Mar-11 15-Mar-11 0% 177

IN-L1-P1310 INS L1:  Install New PSL Enclosure NSF 30 30 16-Mar-11 26-Apr-11 0% 57

IN-L1-P1605 INS L1:  Satellite Connection, Rack to Chamber Test (HAM1-3) NSF 10 10 16-Mar-11 29-Mar-11 0% 177

IN-L1-P1557 INS L1:  Satellite Connection, Rack to Chamber Test (BSCs) NSF 20 20 30-Mar-11 26-Apr-11 0% 177

IN-L1-P1620 INS L1:  Install HEPI  (HAM 1)/INS L1:  Modify HEPI  (HAM 2, 3) NSF 25 25 05-Apr-11 09-May-11 0% 31

IN-L1-P1750 INS L1:  Clean Vertex, Chambers, Beam Tubes NSF 30 30 05-May-11 16-Jun-11 0% 4

IN-L1-P1700 INS L1:  Install I/O Tubes NSF 17 17 17-Jun-11 12-Jul-11 0% 4

IN-L1-P1615 INS L1:  Remove/Install HAM Septum Plates NSF 5 5 17-Jun-11 23-Jun-11 0% 13

IN-L1-P1720 INS L1:  Install Septum Plate between HAM 3 & BSC 2 NSF 3 3 24-Jun-11 28-Jun-11 0% 13

IN-L1-P1760 INS L1:  Final Wipe Down before ISI install NSF 5 5 13-Jul-11 19-Jul-11 0% 4

LIGO.4.13.2.2.3LIGO.4.13.2.2.3.2.3  IN Install IMC L1LIGO.4.13.2.2.3.2.3  IN Install IMC L1 163 163 20-Jul-11 15-Mar-12 19

IN-L1-P1900 INS L1:  Install Passive Stack/HAM ISI   (HAM 1,2,3)  (LOE) NSF 30 30 20-Jul-11 30-Aug-11 0% 4

IN-L1-P1950 INS L1:  Install  Passive Stack  (HAM 1) NSF 10 10 20-Jul-11 02-Aug-11 0% 4

IN-L1-P2100 INS L1:  Install Small IO/SUS/ISC/AOS  (HAM 1,2,3)  (LOE) NSF 50 50 03-Aug-11 12-Oct-11 0% 34

IN-L1-P1905 INS L1:  Install HAM ISI   (HAM 2) NSF 10 10 03-Aug-11 16-Aug-11 0% 4

IN-L1-P2103 INS L1:  Install Optics   (HAM 1) NSF 10 10 03-Aug-11 16-Aug-11 0% 19

IN-L1-P1930 INS L1:  Install HAM ISI   (HAM 3) NSF 10 10 17-Aug-11 30-Aug-11 0% 4

IN-L1-P2105 INS L1:  Install SUS/Optics   (HAM 2) NSF 25 25 17-Aug-11 21-Sep-11 0% 19
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IN-L1-P2110 INS L1:  Checkout/test HEPI/ISI/SUS  (HAM 1,2,3)  (LOE) NSF 80 80 17-Aug-11 09-Dec-11 0% 19

IN-L1-P2170 INS L1:  Checkout/test HEPI    (HAM 1) NSF 10 10 17-Aug-11 30-Aug-11 0% 34

IN-L1-P2180 INS L1:  Acceptance of HAM 1 NSF 40 40 31-Aug-11 26-Oct-11 0% 109

IN-L1-P2140 INS L1:  Checkout/test HEPI    (HAM 2) NSF 10 10 22-Sep-11 05-Oct-11 0% 19

IN-L1-P2200 INS L1:  Install SUS/Optics    (HAM 3) NSF 15 15 22-Sep-11 12-Oct-11 0% 34

IN-L1-P2150 INS L1:  Checkout/test ISI    (HAM 2) NSF 15 15 06-Oct-11 26-Oct-11 0% 19

IN-L1-P2220 INS L1:  Checkout/test HEPI    (HAM 3) NSF 10 10 13-Oct-11 26-Oct-11 0% 34

IN-L1-P2230 INS L1:  Checkout/test ISI    (HAM 3) NSF 10 10 27-Oct-11 09-Nov-11 0% 34

IN-L1-P2160 INS L1:  Checkout/test SUS    (HAM 2) NSF 15 15 03-Nov-11 23-Nov-11 0% 19

IN-L1-P2240 INS L1:  Checkout/test SUS    (HAM 3) NSF 10 10 28-Nov-11 09-Dec-11 0% 19

IN-L1-P2190 INS L1:  Acceptance of HAM 2 NSF 40 40 28-Nov-11 01-Feb-12 0% 49

IN-L1-P2300 INS L1:  PSL/IO/IMC Testing NSF 60 60 12-Dec-11 15-Mar-12 0% 19

IN-L1-P2210 INS L1:  Acceptance of HAM 3 NSF 40 40 12-Dec-11 15-Feb-12 0% 39

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.3  IN SMI Install & Testing L1LIGO.4.13.2.2.3.3  IN SMI Install & Testing L1 216 216 31-Aug-11 12-Jul-12 16

IN-L1-P3050 INS L1:  Install HAM ISI   (HAM 4,5,6)  (LOE) NSF 30 30 31-Aug-11 12-Oct-11 0% 4

IN-L1-P3080 INS L1:  Install HAM ISI   (HAM 4) NSF 10 10 31-Aug-11 14-Sep-11 0% 4

IN-L1-P3100 INS L1:  Install SUS/IO on HAM ISI    (HAM 4,5)  (LOE) NSF 35 35 15-Sep-11 02-Nov-11 0% 19

IN-L1-P3090 INS L1:  Install HAM ISI   (HAM 5) NSF 10 10 15-Sep-11 28-Sep-11 0% 4

IN-L1-P3105 INS L1:  Install SUS/Optics   (HAM 4) NSF 15 15 15-Sep-11 05-Oct-11 0% 19

IN-L1-P3070 INS L1:  Install HAM ISI   (HAM 6) NSF 10 10 29-Sep-11 12-Oct-11 0% 4

IN-L1-P3130 INS L1:  Checkout/test HEPI    (HAM 4) NSF 10 10 06-Oct-11 19-Oct-11 0% 39

IN-L1-P3205 INS L1:  Install SUS/Optics   (HAM 5) NSF 20 20 06-Oct-11 02-Nov-11 0% 19

IN-L1-P3110 INS L1:  Checkout/test HEPI/ISI/SUS   (HAM 4,5)  (LOE) NSF 45 45 06-Oct-11 09-Dec-11 0% 29

IN-L1-P3400 INS L1:  Install BSC ISI, SUS, BS, COC etc.  (BSC 1,2,3) (LOE) NSF 78 78 13-Oct-11 13-Feb-12 0% 4

IN-L1-P3405 INS L1:  Prep ISI on Stand for Cartridge Assy    (BSC2) NSF 6 6 13-Oct-11 20-Oct-11 0% 4

IN-L1-P3140 INS L1:  Checkout/test ISI    (HAM 4) NSF 10 10 20-Oct-11 02-Nov-11 0% 39

IN-L1-P3420 INS L1:  Mate BS SUS to  ISI   (BSC2) NSF 5 5 21-Oct-11 27-Oct-11 0% 4

IN-L1-P3150 INS L1:  Checkout/test SUS    (HAM 4) NSF 10 10 27-Oct-11 09-Nov-11 0% 42

IN-L1-P3440 INS L1:  Install BS Optics   (BSC2) NSF 5 5 28-Oct-11 03-Nov-11 0% 4

IN-L1-P3230 INS L1:  Checkout/test HEPI    (HAM 5) NSF 10 10 03-Nov-11 16-Nov-11 0% 29

IN-L1-P3270 INS L1:  Install SUS/Optics and ISC   (HAM 6) NSF 20 20 03-Nov-11 02-Dec-11 0% 19

IN-L1-P3444 INS L1:  Finalize Cartridge, AOS Baffles   (BSC2) NSF 5 5 04-Nov-11 10-Nov-11 0% 4

IN-L1-P3480 INS L1:  Install ISC and AOS  (BSC 1,2,3) (LOE) NSF 57 57 04-Nov-11 06-Feb-12 0% 4

IN-L1-P3160 INS L1:  Acceptance of   (HAM 4) NSF 40 40 10-Nov-11 12-Jan-12 0% 142

IN-L1-P3446 INS L1:  Install Cartridge in BSC & Align    (BSC2) NSF 5 5 11-Nov-11 17-Nov-11 0% 4

IN-L1-P3250 INS L1:  Checkout/test ISI    (HAM 5) NSF 10 10 17-Nov-11 02-Dec-11 0% 29

IN-L1-P3450 INS L1:  Checkout/test HEPI   (BSC2) NSF 10 10 18-Nov-11 05-Dec-11 0% 33

IN-L1-P3600 INS L1:  Prep ISI on Stand for Cartridge Assy    (BSC3) NSF 6 6 18-Nov-11 29-Nov-11 0% 4

IN-L1-P3410 INS L1:  Checkout/test HEPI/ISI/SUS (BSC 1,2,3) (LOE) NSF 84 77 18-Nov-11 20-Mar-12 0% 16

IN-L1-P3260 INS L1:  Checkout/test SUS    (HAM 5) NSF 10 10 28-Nov-11 09-Dec-11 0% 29

IN-L1-P3620 INS L1:  Mate Quad SUS to  ISI   (BSC3) NSF 5 5 30-Nov-11 06-Dec-11 0% 4

IN-L1-P3275 INS L1:  Checkout/test HEPI    (HAM 6) NSF 10 10 05-Dec-11 16-Dec-11 0% 19

IN-L1-P3273 INS L1:  Checkout/test HEPI/ISI/SUS   (HAM 6)  (LOE) NSF 35 35 05-Dec-11 01-Feb-12 0% 19

IN-L1-P3460 INS L1:  Checkout/test ISI   (BSC2) NSF 15 15 06-Dec-11 04-Jan-12 0% 33

IN-L1-P3640 INS L1:  Install Optics and Weld Fiber    (BSC3) NSF 5 5 07-Dec-11 13-Dec-11 0% 4

IN-L1-P3280 INS L1:  Acceptance of  (HAM 5) NSF 40 40 12-Dec-11 15-Feb-12 0% 119
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IN-L1-P3645 INS L1:  Finalize Cartridge, AOS Baffles    (BSC3) NSF 5 5 14-Dec-11 20-Dec-11 0% 4

IN-L1-P3300 INS L1:  Checkout/test ISI    (HAM 6) NSF 10 10 19-Dec-11 10-Jan-12 0% 19

IN-L1-P3650 INS L1:  Install Cartridge in BSC & Align     (BSC3) NSF 5 5 21-Dec-11 05-Jan-12 0% 4

IN-L1-P3310 INS L1:  Checkout/test SUS    (HAM 6) NSF 20 20 04-Jan-12 01-Feb-12 0% 19

IN-L1-P3500 INS L1:  Prep ISI on Stand for Cartridge Assy    (BSC1) NSF 6 6 06-Jan-12 13-Jan-12 0% 4

IN-L1-P3660 INS L1:  Checkout/test HEPI   (BSC3) NSF 10 10 06-Jan-12 20-Jan-12 0% 32

IN-L1-P3520 INS L1:  Mate Quad SUS to  ISI  (BSC1) NSF 5 5 17-Jan-12 23-Jan-12 0% 4

IN-L1-P3670 INS L1:  Checkout/test ISI   (BSC3) NSF 15 15 23-Jan-12 10-Feb-12 0% 32

IN-L1-P3540 INS L1:  Install Optics and Weld Fiber    (BSC1) NSF 5 5 24-Jan-12 30-Jan-12 0% 4

IN-L1-P3545 INS L1:  Finalize Cartridge, AOS Baffles   (BSC1) NSF 5 5 31-Jan-12 06-Feb-12 0% 4

IN-L1-P3470 INS L1:  Checkout/test SUS   (BSC2) NSF 10 10 02-Feb-12 15-Feb-12 0% 19

IN-L1-P3320 INS L1:  Acceptance of  (HAM 6) NSF 40 40 02-Feb-12 29-Mar-12 0% 89

IN-L1-P3550 INS L1:  Install Cartridge in BSC & Align     (BSC1) NSF 5 5 07-Feb-12 13-Feb-12 0% 4

IN-L1-P3560 INS L1:  Checkout/test HEPI   (BSC1) NSF 10 10 14-Feb-12 28-Feb-12 0% 16

IN-L1-P3680 INS L1:  Checkout/test SUS   (BSC3) NSF 10 10 16-Feb-12 01-Mar-12 0% 19

IN-L1-P3490 INS L1: Acceptance of  (BSC2) NSF 40 40 16-Feb-12 12-Apr-12 0% 79

IN-L1-P3570 INS L1:  Checkout/test ISI   (BSC1) NSF 15 15 29-Feb-12 20-Mar-12 0% 16

IN-L1-P3690 INS L1:  Acceptance of   (BSC3) NSF 40 40 02-Mar-12 26-Apr-12 0% 69

IN-L1-P3580 INS L1:  Checkout/test SUS   (BSC1) NSF 10 10 07-Mar-12 20-Mar-12 0% 16

IN-L1-P3800 INS L1:  Short PRM Testing NSF 80 80 21-Mar-12 12-Jul-12 0% 16

IN-L1-P3590 INS L1:  Acceptance of  (BSC1) NSF 40 40 21-Mar-12 15-May-12 0% 56

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.5  IN ETM (X arm) Install L1LIGO.4.13.2.2.3.5  IN ETM (X arm) Install L1 267 267 20-Jul-11 10-Aug-12 185

IN-L1-E1000 INS L1:  Remove existing equip in ETM BSC    X- arm (BSC4) NSF 7 7 20-Jul-11 28-Jul-11 0% 115

IN-L1-E1310 INS L1:  Remove Equip & Clean  ETM  X-arm (BSC4) (LOE) NSF 27 27 20-Jul-11 25-Aug-11 0% 115

IN-L1-E1330 INS L1:  CDS and Cable Removal  ETM  X-arm (BSC4) NSF 5 5 20-Jul-11 26-Jul-11 0% 117

IN-L1-E1345 INS L1:  String Cables & Install CDS Racks (BSC4) X-arm NSF 10 10 27-Jul-11 09-Aug-11 0% 117

IN-L1-E1340 INS L1:  CDS Install ETM  X-arm (BSC4) (LOE) NSF 10 26 27-Jul-11 31-Aug-11 0% 127

IN-L1-E1120 INS L1:  Flush HEPI    X- arm (BSC4) NSF 10 10 29-Jul-11 11-Aug-11 0% 115

IN-L1-E1110 INS L1:  Clean BSC   X- arm (BSC4) NSF 10 10 12-Aug-11 25-Aug-11 0% 115

IN-L1-E1112 INS L1:  Satellite Connection, Rack to Chamber Test (BSC 4) NSF 10 10 17-Aug-11 31-Aug-11 0% 127

IN-L1-E1300 INS L1:  Install ISI, Quad, COC in ETM  X-arm (BSC4) (LOE) NSF 36 36 14-Feb-12 04-Apr-12 0% 4

IN-L1-E1325 INS L1:  Prep ISI on Stand for Cartridge Assy    X- arm (BSC4) NSF 6 6 14-Feb-12 22-Feb-12 0% 4

IN-L1-E1360 INS L1:  Mate Quad SUS on ISI   X- arm (BSC4) NSF 5 5 23-Feb-12 29-Feb-12 0% 4

IN-L1-E1385 INS L1:  Install Optics & Weld Fiber   X- arm (BSC4) NSF 5 5 01-Mar-12 07-Mar-12 0% 4

IN-L1-E1320 INS L1:  Install ISC & AOS in ETM  X-arm (BSC4) (LOE) NSF 25 25 08-Mar-12 11-Apr-12 0% 25

IN-L1-E1395 INS L1:  Install AOS: Transmon/Baffles/PCal   X- arm (BSC4) NSF 5 5 08-Mar-12 14-Mar-12 0% 4

IN-L1-E3180 INS L1:  Finalize Cartridge, Transmission/Baffles X-arm (BSC4) NSF 10 10 15-Mar-12 28-Mar-12 0% 4

IN-L1-E1397 INS L1:  Install Cartridge in BSC & Align    X- arm (BSC4) NSF 5 5 29-Mar-12 04-Apr-12 0% 4

IN-L1-E1410 INS L1:  Checkout/test HEPI    X- arm (BSC4) NSF 10 10 05-Apr-12 18-Apr-12 0% 5

IN-L1-E1409 INS L1:  Checkout/test HEPI/ISI/SUS in ETMs  X- arm (BSC4)... NSF 44 25 05-Apr-12 09-May-12 0% 5

IN-L1-E1407 INS L1:  Install ISC Green Laser & Alignment, Install OptLev X... NSF 5 5 05-Apr-12 11-Apr-12 0% 25

IN-L1-E1420 INS L1:  Checkout/test ISI     X- arm (BSC4) NSF 15 15 19-Apr-12 09-May-12 0% 5

IN-L1-E1430 INS L1:  Checkout/test SUS    X- arm (BSC4) NSF 10 10 26-Apr-12 09-May-12 0% 5

IN-L1-E1429 INS L1: Checkout/test ISC and AOS in ETM  X- arm (BSC4) NSF 25 25 10-May-12 14-Jun-12 0% 5

IN-L1-E1419 INS L1:  Acceptance of (BSC4) NSF 40 40 15-Jun-12 10-Aug-12 0% 182

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.7  IN ETM (Y arm) Install L1LIGO.4.13.2.2.3.7  IN ETM (Y arm) Install L1 271 271 26-Aug-11 25-Sep-12 154
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IN-L1-YE1010 INS L1:  Remove existing equip in ETM      Y-arm (BSC5) NSF 7 7 26-Aug-11 06-Sep-11 0% 124

IN-L1-YE1340 INS L1:  Remove Equip & Clean  ETM  Y-arm (BSC5) (LOE) NSF 27 27 26-Aug-11 04-Oct-11 0% 124

IN-L1-YE1550 INS L1:  CDS and Cable Removal ETM  Y-arm (BSC5) NSF 5 5 26-Aug-11 01-Sep-11 0% 126

IN-L1-YE1355 INS L1:  String Cables & Install CDS Racks for all (BSC5) Y-arm NSF 10 10 02-Sep-11 16-Sep-11 0% 126

IN-L1-YE1560 INS L1:  CDS Install ETM  Y-arm (BSC5) (LOE) NSF 10 29 02-Sep-11 13-Oct-11 0% 118

IN-L1-YE1120 INS L1:  Flush HEPI    Y-arm (BSC5) NSF 10 10 07-Sep-11 20-Sep-11 0% 124

IN-L1-YE1110 INS L1:  Clean BSC    Y-arm (BSC5) NSF 10 10 21-Sep-11 04-Oct-11 0% 124

IN-L1-YE1012 INS L1:  Satellite Connection, Rack to Chamber Test (BSC 5) NSF 10 10 29-Sep-11 13-Oct-11 0% 118

IN-L1-YE1315 INS L1:  Prep ISI on Stand for Cartridge Assy   Y-arm (BSC5) NSF 6 6 05-Apr-12 12-Apr-12 0% 4

IN-L1-YE1345 INS L1:  Install ISI, Quad, COC in ETM  Y-arm (BSC5) (LOE) NSF 31 31 05-Apr-12 17-May-12 0% 4

IN-L1-YE1350 INS L1:  Mate Quad SUS on ISI     Y-arm (BSC5) NSF 5 5 13-Apr-12 19-Apr-12 0% 4

IN-L1-YE1375 INS L1:  Install Optics, & Weld Fiber     Y-arm (BSC5) NSF 5 5 20-Apr-12 26-Apr-12 0% 4

IN-L1-YE1360 INS L1:  Install ISC & AOS in ETM  Y-arm (BSC5) (LOE) NSF 28 39 27-Apr-12 21-Jun-12 0% 5

IN-L1-YE1405 INS L1:  Install AOS: Transmon/Baffles/PCal   Y- arm (BSC5) NSF 5 5 27-Apr-12 03-May-12 0% 4

IN-L1-YE1380 INS L1:  Finalize Alignment - Cartridge, Transmon/Baffles  Y- ... NSF 5 5 04-May-12 10-May-12 0% 4

IN-L1-YE1385 INS L1:  Install Cartridge in BSC & Align    Y- arm (BSC5) NSF 5 5 11-May-12 17-May-12 0% 4

IN-L1-YE1390 INS L1:  Checkout/test HEPI    Y-arm (BSC5) NSF 10 10 18-May-12 01-Jun-12 0% 4

IN-L1-YE1395 INS L1:  Checkout/test HEPI/ISI/SUS in ETM  Y-arm (BSC5) (... NSF 25 25 18-May-12 22-Jun-12 0% 4

IN-L1-YE1400 INS L1:  Checkout/test ISI   Y-arm (BSC5) NSF 15 15 04-Jun-12 22-Jun-12 0% 4

IN-L1-YE1410 INS L1:  Checkout/test SUS   Y-arm (BSC5) NSF 10 10 11-Jun-12 22-Jun-12 0% 4

IN-L1-YE1417 INS L1:  Install ISC Green Laser & Alignment, Install OptLev Y... NSF 5 5 15-Jun-12 21-Jun-12 0% 5

IN-L1-YE1429 INS L1:  Checkout/test ISC and AOS in ETMs  Y- arm (BSC5) NSF 25 25 25-Jun-12 30-Jul-12 0% 4

IN-L1-YE1439 INS L1:  Acceptance of  (BSC5) NSF 40 40 31-Jul-12 25-Sep-12 0% 151

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.8  IN Full Interferometer Testing & Acceptance L1LIGO.4.13.2.2.3.8  IN Full Interferometer Testing & Acceptance L1 210 210 31-Jul-12 03-Jun-13 4

IN-L1-IA2785 INS L1: Full Interferometer Testing/Lock NSF 210 210 31-Jul-12 03-Jun-13 0% 4

IN-L1-IA2795 INS L1: Acceptance Review NSF 20 20 06-May-13 03-Jun-13 0% 4

IN-L1-M00032 INS L1: Full IFO Lock/Acceptance (1st IFO Completed) NSF 0 0 03-Jun-13 0% 4
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LIGO  LIGO LaLIGO  LIGO Lab Program - AdvL CurrentLIGO  LIGO Lab Program - AdvL Current 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4  AdvanLIGO.4  Advanced LIGO ProjectLIGO.4  Advanced LIGO Project 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13  InstallaLIGO.4.13  Installation (IN)LIGO.4.13  Installation (IN) 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13.2  InstalLIGO.4.13.2  Installation (IN)LIGO.4.13.2  Installation (IN) 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13.2.1  IN ILIGO.4.13.2.1  IN Installation Site 2 (H1, H2)LIGO.4.13.2.1  IN Installation Site 2 (H1, H2) 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13.2.1.3  ILIGO.4.13.2.1.3  IN Single Arm Install & Testing (Y arm) H2LIGO.4.13.2.1.3  IN Single Arm Install & Testing (Y arm) H2 367 327 20-Oct-10 A 23-Apr-12 27

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.2  IN ETM (Y arm) Install  H2LIGO.4.13.2.1.3.2  IN ETM (Y arm) Install  H2 244 204 20-Oct-10 A 21-Oct-11 70

IN-H2-SA1715 INS H2:  Remove Existing CDS and Cables in MID Y NSF 5 20 20-Oct-10 A 01-Feb-11 95% 73

IN-H2-SA1100 INS H2:  Remove Existing Equip in MY, ETM Y-arm (BSC6) NSF 21 20 22-Oct-10 A 01-Feb-11 95% -2

IN-H2-SA1810 INS H2:  Remove, Relocate  (BSC6)  (LOE) NSF 62 40 22-Oct-10 A 02-Mar-11 95% -2

IN-H2-SA1520 INS H2:  Install BSC Spool End  Y-arm (BSC6) NSF 7 7 04-Jan-11 12-Jan-11 0% 60

IN-H2-SA1200 INS H2:  Remove Piers Y-arm (BSC6) NSF 5 5 02-Feb-11 08-Feb-11 0% -2

IN-H2-SA1210 INS H2:  Relocate Chamber and Piers  Y-arm (BSC6) NSF 15 15 09-Feb-11 02-Mar-11 0% -2

IN-H2-SA1500 INS H2:  Install BSC Spool Mid  Y-arm (BSC6) NSF 7 7 23-Feb-11 04-Mar-11 0% -4

IN-H2-SA1310 INS H2:  Install HEPI Plumbing for ETM  Y-arm (BSC6) NSF 15 15 03-Mar-11 23-Mar-11 0% 7

IN-H2-SA2130 INS H2:  Install HEPI (Plumbing) for ETM   Y-arm (BSC6) (LOE) NSF 24 26 03-Mar-11 07-Apr-11 0% -4

IN-H2-SA1300 INS H2:  Install HEPI for ETM  Y-arm (BSC6) NSF 24 24 04-Mar-11 07-Apr-11 0% -4

IN-H2-SA2225 INS H2:  String Cables & Install CDS Racks   Y-arm (BSC6) NSF 10 10 14-Mar-11 28-Mar-11 0% 35

IN-H2-SA2302 INS H2:  CDS Install  (BSC6)  (LOE) NSF 20 20 14-Mar-11 11-Apr-11 0% 35

IN-H2-SA1705 INS H2:  Satellite Connection, Rack to Chamber Test   Y-arm (... NSF 10 10 28-Mar-11 11-Apr-11 0% 35

IN-H2-SA1510 INS H2:  Wipe Down/Clean Endstation/In Chamber Clean  Y-a... NSF 5 5 07-Apr-11 14-Apr-11 0% -4

IN-H2-SA1700 INS H2:  Install ISI, Quad, COC in ETM Y -arm (BSC6) LOE NSF 36 36 24-May-11 14-Jul-11 0% -31

IN-H2-SA1710 INS H2:  Prep ISI on Stand for Cartridge Assy    Y-arm (BSC6) NSF 6 6 24-May-11 01-Jun-11 0% -31

IN-H2-SA1712 INS H2:  Mate Quad SUS on ISI   Y-arm (BSC6) NSF 5 5 02-Jun-11 08-Jun-11 0% -31

IN-H2-SA1730 INS H2:   Install Optics & Weld Fiber   Y-arm (BSC6) NSF 5 5 09-Jun-11 15-Jun-11 0% -31

IN-H2-SA1740 INS H2:  Install ISC and AOS in ETM   Y-arm (BSC6)  (LOE) NSF 25 25 16-Jun-11 21-Jul-11 0% -31

IN-H2-SA1780 INS H2:   Install AOS: TransMon/Baffles/PCal   Y-arm (BSC6) NSF 5 5 16-Jun-11 22-Jun-11 0% -31

IN-H2-SA1760 INS H2:   Finalize & Align Cartridge/TransMon/Baffles/PCal  Y... NSF 10 10 23-Jun-11 07-Jul-11 0% -31

IN-H2-SA1720 INS H2:   Install Cartridge in BSC & Align   Y-arm (BSC6) NSF 5 5 08-Jul-11 14-Jul-11 0% -31

IN-H2-SA1750 INS H2:  Checkout/Test HEPI   Y-arm (BSC6) NSF 10 10 15-Jul-11 28-Jul-11 0% -31

IN-H2-SA1790 INS H2:   Install ISC Green Laser & Align, Install OptLev  Y-ar... NSF 5 5 15-Jul-11 21-Jul-11 0% -31

IN-H2-SA1820 INS H2:  Checkout/Test  HEPI/ISI/SUS   Y-arm (BSC6)  (LOE) NSF 30 30 15-Jul-11 25-Aug-11 0% -31

IN-H2-SA1800 INS H2:  Checkout/Test ISC and AOS   Y-arm (BSC6) NSF 25 25 22-Jul-11 25-Aug-11 0% -31

IN-H2-SA1765 INS H2:  Checkout/Test  ISI    Y-arm (BSC6) NSF 15 15 29-Jul-11 18-Aug-11 0% -31

IN-H2-SA1770 INS H2:  Checkout/Test SUS   Y-arm (BSC6) NSF 10 10 12-Aug-11 25-Aug-11 0% -31

IN-H2-SA1840 INS H2:  Acceptance of (BSC6) NSF 40 40 26-Aug-11 21-Oct-11 0% 67

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.3  IN ITM (Y arm) Install H2LIGO.4.13.2.1.3.3  IN ITM (Y arm) Install H2 189 189 04-Jan-11 30-Sep-11 85

IN-H2-SA2100 INS H2:  Install HEPI for ITM   Y-arm (BSC8) NSF 20 20 04-Jan-11 01-Feb-11 0% 12

IN-H2-SA1320 INS H2:  Install Temp HEPI Plumbing for ITM  Y-arm (BSC8) NSF 15 15 04-Jan-11 25-Jan-11 0% 12

IN-H2-SA2215 INS H2:  String Cables & Install CDS Racks   Y-arm (BSC8) NSF 10 10 04-Jan-11 18-Jan-11 0% 88

IN-H2-SA2301 INS H2:  CDS Install  (BSC8)  (LOE) NSF 20 68 04-Jan-11 11-Apr-11 0% 40

IN-H2-SA2120 INS H2:  Install HEPI for ITM Y-arm (BSC8) LOE NSF 2 20 04-Jan-11 01-Feb-11 0% 12

IN-H2-SA2010 INS H2:  Remove Table, stack, and Support Table ITM   Y-ar... NSF 15 15 02-Feb-11 23-Feb-11 0% 12

IN-H2-SA2110 INS H2:  Clean BSC 8 & Y Manifold   Y-arm (BSC8) NSF 10 10 24-Feb-11 09-Mar-11 0% 12

IN-H2-SA2205 INS H2:  Satellite Connection, Rack to Chamber Test Y-arm (... NSF 10 10 28-Mar-11 11-Apr-11 0% 40

IN-H2-SA2200 INS H2:  Install ISI, Quad, Triple, FM, COC, AOS in ITM  Y-ar... NSF 31 41 03-May-11 29-Jun-11 0% -16
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IN-H2-SA2210 INS H2:  Prep ISI on Stand for Cartridge Assy Y-arm (BSC8) NSF 6 6 03-May-11 10-May-11 0% -26

IN-H2-SA2220 INS H2:  Mate Triple & Quad SUS on ISI    Y-arm (BSC8) NSF 10 10 11-May-11 24-May-11 0% -26

IN-H2-SA2230 INS H2:  Install FMY/ITMY & Weld Fibers    Y-arm (BSC8) NSF 5 5 01-Jun-11 08-Jun-11 0% -31

IN-H2-SA2232 INS H2:   Finalize Cartridge, AOS Baffles  Y-arm (BSC8) NSF 5 5 08-Jun-11 15-Jun-11 0% -16

IN-H2-SA2235 INS H2:   Install Cartridge in BSC & Align   Y-arm (BSC8) NSF 10 10 15-Jun-11 29-Jun-11 0% -16

IN-H2-SA2250 INS H2:  Checkout/Test HEPI   Y-arm (BSC8) NSF 10 10 29-Jun-11 14-Jul-11 0% -16

IN-H2-SA1830 INS H2:  Checkout/Test  HEPI/ISI/SUS   Y-arm (BSC8)  (LOE) NSF 35 25 29-Jun-11 04-Aug-11 0% -16

IN-H2-SA2270 INS H2:  Checkout/test SUS(Quad & Triple)   Y-arm (BSC8) NSF 15 15 14-Jul-11 04-Aug-11 0% -16

IN-H2-SA2265 INS H2:  Checkout/test ISI   Y-arm (BSC8) NSF 15 15 14-Jul-11 04-Aug-11 0% -16

IN-H2-SA2280 INS H2: Acceptance of (BSC8) NSF 40 40 04-Aug-11 30-Sep-11 0% 82

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.4  IN Single Arm Test H2LIGO.4.13.2.1.3.4  IN Single Arm Test H2 163 163 26-Aug-11 23-Apr-12 27

IN-H2-SA3000 INS H2:  Single Arm Lock Acquisition Testing During Squeeze... NSF 80 80 26-Aug-11 20-Dec-11 0% -31

IN-H2-SA3020 INS H2:  Start Single Arm Lock Acquisition Testing  Y-arm NSF 0 0 26-Aug-11 0% -31

IN-H2-SA3030 INS H2:  Finish Single Arm Test with Squeezing NSF 0 0 20-Dec-11 0% -31

IN-H2-SA3010 INS H2:  Single Arm Lock Acquisition Testing During Installati... NSF 80 80 21-Dec-11 23-Apr-12 0% 27

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.5  IN ETM (X arm) Relocate H2LIGO.4.13.2.1.3.5  IN ETM (X arm) Relocate H2 81 81 02-Feb-11 26-May-11 112

IN-H2-IF1100 INS H2:  Remove Clear and Remove Optics Table  (BSC5) NSF 21 21 02-Feb-11 03-Mar-11 0% 42

IN-H2-IF1250 INS H2:  Remove, Relocate  (BSC5)  (LOE) NSF 36 36 02-Feb-11 24-Mar-11 0% 42

IN-H2-IF1200 INS H2:  Remove Passive Stack  X-arm (BSC5) NSF 15 15 04-Mar-11 24-Mar-11 0% 42

IN-H2-IF1210 INS H2:  Remove Existing CDS and Cables EX NSF 5 5 11-Mar-11 17-Mar-11 0% 42

IN-H2-IF1450 INS H2:  Install Spool in Mid-station   (MX) NSF 5 5 17-Mar-11 24-Mar-11 0% 62

IN-H2-IF1300 INS H2:  Install HEPI for ETM   X-arm (BSC5) NSF 24 24 18-Mar-11 20-Apr-11 0% 42

IN-H2-IF1220 INS H2:  Install HEPI Plumbing for ETM  X-arm (BSC5) NSF 15 15 18-Mar-11 07-Apr-11 0% 42

IN-H2-IF1310 INS H2:  Install HEPI for ETM   X-arm (BSC5) (LOE) NSF 24 24 18-Mar-11 20-Apr-11 0% 42

IN-H2-IF2245 INS H2:  String Cables & Install CDS Racks   Y-arm (BSC5) NSF 10 10 25-Mar-11 07-Apr-11 0% 42

IN-H2-IF2303 INS H2:  CDS Install  (BSC5)  (LOE) NSF 20 20 25-Mar-11 21-Apr-11 0% 42

IN-H2-IF1230 INS H2: Satellite Connection, Rack to Chamber Test  X-arm (... NSF 10 10 08-Apr-11 21-Apr-11 0% 42

IN-H2-IF1500 INS H2:  Install BSC spools   X-arm (BSC5) NSF 15 15 22-Apr-11 12-May-11 0% 42

IN-H2-IF1510 INS H2:  Wipedown/Clean Endstation/In Chamber Clean   X-a... NSF 10 10 13-May-11 26-May-11 0% 112

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.6  IN PSL/SMI Removal & Relocations H2LIGO.4.13.2.1.3.6  IN PSL/SMI Removal & Relocations H2 215 175 20-Oct-10 A 12-Sep-11 146

LIGO.4.13.2.1.3LIGO.4.13.2.1.3.6.1  IN Install PSL Enclosure H2LIGO.4.13.2.1.3.6.1  IN Install PSL Enclosure H2 215 175 20-Oct-10 A 12-Sep-11 106

IN-H2-PL1130 INS H2:  Remove Existing Laser/Install Table  (LOE) NSF 25 10 20-Oct-10 A 18-Jan-11 50% 238

IN-H2-PL1100 INS H2:  Install Align/Grout PSL Table NSF 5 5 04-Jan-11 10-Jan-11 0% 238

IN-H2-PL1110 INS H2:  Characterize Table NSF 5 5 11-Jan-11 18-Jan-11 0% 238

IN-H2-PL1120 INS H2:  Install New PSL Enclosure NSF 30 30 29-Jul-11 12-Sep-11 0% 103

LIGO.4.13.2.1.3LIGO.4.13.2.1.3.6.2  IN Vertex/IMC Removal & Relocations H2LIGO.4.13.2.1.3.6.2  IN Vertex/IMC Removal & Relocations H2 145 105 20-Oct-10 A 02-Jun-11 216

IN-H2-IF2010 INS H2:  Replace Crossbeams NSF 4 4 20-Oct-10 A 07-Jan-11 30% 147

IN-H2-IF2070 INS H2:  Remove Optics Table, passive stack NSF 3 3 20-Oct-10 A 06-Jan-11 25% 153

IN-H2-IF2020 INS H2:  Empty HAM 8, 9, 10 NSF 5 5 15-Dec-10 A 10-Jan-11 80% 313

IN-H2-IF2050 INS H2:  Install HEPI HAM 8, 9, 10 NSF 10 9 17-Dec-10 A 14-Jan-11 3% 147

IN-H2-IF2015 INS H2:  Install HEPI All HAMs (LOE) NSF 56 36 17-Dec-10 A 24-Feb-11 50% 95

IN-H2-IF2030 INS H2:  Remove Output Tube NSF 8 8 04-Jan-11 13-Jan-11 0% 95

IN-H2-IF2083 INS H2:  Empty BSCs 7 & 4 NSF 15 15 04-Jan-11 25-Jan-11 0% 143

IN-H2-IF2005 INS H2:  Remove IO Tubes (LOE) NSF 16 16 04-Jan-11 26-Jan-11 0% 95

IN-H2-IF2085 INS H2:  Remove Input Tube  HAM 7 NSF 8 8 14-Jan-11 26-Jan-11 0% 95

IN-H2-IF2255 INS H2:  String Cables & Install CDS Racks   (All HAMs, BSC... NSF 15 7 14-Jan-11 25-Jan-11 0% 143
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IN-H2-IF2304 INS H2:  CDS Install  (All HAMs, BSCs 4, 7)  (LOE) NSF 58 28 14-Jan-11 24-Feb-11 0% 142

IN-H2-IF2060 INS H2:  Remove Support Table HAM's 8, 9, 10 NSF 2 2 18-Jan-11 19-Jan-11 0% 147

IN-H2-IF2045 INS H2:  Satellite Connection, Rack to Chamber Test (HAM 8,... NSF 10 10 26-Jan-11 08-Feb-11 0% 143

IN-H2-IF2100 INS H2:  Relocate HAM 7 NSF 10 10 27-Jan-11 09-Feb-11 0% 95

IN-H2-IF2110 INS H2:  Install HEPI HAM's  8, 9, 10 ( Duplicate Link then Re... NSF 10 10 10-Feb-11 24-Feb-11 0% 95

IN-H2-IF2105 INS H2:  Satellite Connection, Rack to Chamber Test (HAM 7-9) NSF 10 10 10-Feb-11 24-Feb-11 0% 142

IN-H2-IF2140 INS H2:  Clean Diagonal, Chambers, & Beam Tubes NSF 20 20 25-Feb-11 24-Mar-11 0% 142

IN-H2-IF2120 INS H2:  Extract Support Table HAM 7 NSF 2 2 25-Feb-11 28-Feb-11 0% 95

IN-H2-IF2199 INS H2:  I/O Tubes & Septum Plates delivered to site NSF 0 0 10-May-11 0% 108

IN-H2-IF2200 INS H2:  Install I/O Manifold Tubes & Septum Plates NSF 15 15 11-May-11 02-Jun-11 0% 108

LIGO.4.13.2.1.5  ILIGO.4.13.2.1.5  IN Squeezing Test H1LIGO.4.13.2.1.5  IN Squeezing Test H1 190 190 22-Mar-11 21-Dec-11 30

IN-H1-SA1200 INS H1:  Squeezer Equipment Ready For Install NSF 1 1 22-Mar-11 23-Mar-11 0% 47

IN-H1-SA1300 INS H1:  Vent/Install FI & Squeezer/Reprotect TMs, BS NSF 21 21 23-Mar-11 21-Apr-11 0% 47

IN-H1-ST1000 INS H1:  Unlock/Recover H1 for Squeezing Test NSF 10 10 21-Apr-11 05-May-11 0% 47

IN-H1-ST1020 INS H1:  Start Squeezer Testing NSF 0 0 26-Aug-11 0% 49

IN-H1-ST3040 INS H2:  Squeezer Testing NSF 80 80 26-Aug-11 20-Dec-11 0% -31

IN-H1-ST1010 INS H1:  Finish Squeezer Testing NSF 0 0 21-Dec-11 0% 27

LIGO.4.13.2.1.8  ILIGO.4.13.2.1.8  IN Final Installation, Testing & Acceptance Site 2 (H2)LIGO.4.13.2.1.8  IN Final Installation, Testing & Acceptance Site 2 (H2) 299 299 21-Dec-11 06-Mar-13 199

LIGO.4.13.2.1.8.LIGO.4.13.2.1.8.1  IN PSL/IO/IMC Install & Testing H2LIGO.4.13.2.1.8.1  IN PSL/IO/IMC Install & Testing H2 183 183 21-Dec-11 13-Sep-12 34

LIGO.4.13.2.1.8LIGO.4.13.2.1.8.1.1  IN PSL/IO Table Equipment Install H2LIGO.4.13.2.1.8.1.1  IN PSL/IO Table Equipment Install H2 123 123 21-Dec-11 19-Jun-12 34

IN-H2-IF2270 INS H2:  Install/Assemble PSL on Table NSF 50 50 21-Dec-11 12-Mar-12 0% 34

IN-H2-IF2275 INS H2:  Install IO for PSL on Table NSF 10 10 13-Mar-12 26-Mar-12 0% 34

IN-H2-IF2290 INS H2:  PSL/IO Table Testing NSF 60 60 27-Mar-12 19-Jun-12 0% 34

LIGO.4.13.2.1.8LIGO.4.13.2.1.8.1.3  IN Install IMC H2LIGO.4.13.2.1.8.1.3  IN Install IMC H2 183 183 21-Dec-11 13-Sep-12 34

IN-H2-IF2400 INS H2:  Install Passive Stack/HAM ISI   (HAM 7,8,9) (LOE) NSF 30 30 21-Dec-11 10-Feb-12 0% 27

IN-H2-IF2470 INS H2:  Install Passive Stack  (HAM 7) NSF 10 10 21-Dec-11 12-Jan-12 0% 27

IN-H2-IF2710 INS H2: Install HEPI Plumbing NSF 7 7 21-Dec-11 09-Jan-12 0% 127

IN-H2-IF2600 INS H2:  Install Small IO/SUS/ISC/AOS (HAM 7,8,9) (LOE) NSF 50 50 13-Jan-12 26-Mar-12 0% 74

IN-H2-IF2405 INS H2:  Install HAM ISI   (HAM 8) NSF 10 10 13-Jan-12 27-Jan-12 0% 27

IN-H2-IF2625 INS H2:  Install IO Optics   (HAM 7) NSF 10 10 13-Jan-12 27-Jan-12 0% 64

IN-H2-IF2445 INS H2:  Install HAM ISI   (HAM 9) NSF 10 10 30-Jan-12 10-Feb-12 0% 27

IN-H2-IF2605 INS H2:  Install SUS/Optics   (HAM 8) NSF 25 25 30-Jan-12 05-Mar-12 0% 64

IN-H2-IF2630 INS H2:  Checkout/test HEPI/ISI/SUS    (HAM 7, 8, 9) (LOE) NSF 70 70 30-Jan-12 07-May-12 0% 64

IN-H2-IF2640 INS H2:  Checkout/test HEPI    (HAM 7) NSF 10 10 30-Jan-12 10-Feb-12 0% 79

IN-H2-IF2680 INS H2:  Acceptance of HAM 7 NSF 40 40 13-Feb-12 09-Apr-12 0% 144

IN-H2-IF2610 INS H2:  Checkout/test HEPI    (HAM 8) NSF 10 10 06-Mar-12 19-Mar-12 0% 64

IN-H2-IF2650 INS H2:  Install SUS/Optics    (HAM 9) NSF 15 15 06-Mar-12 26-Mar-12 0% 74

IN-H2-IF2615 INS H2:  Checkout/test ISI    (HAM 8) NSF 15 15 20-Mar-12 09-Apr-12 0% 64

IN-H2-IF2660 INS H2:  Checkout/test HEPI    (HAM 9) NSF 10 10 27-Mar-12 09-Apr-12 0% 74

IN-H2-IF2620 INS H2:  Checkout/test SUS    (HAM 8) NSF 15 15 03-Apr-12 23-Apr-12 0% 64

IN-H2-IF2665 INS H2:  Checkout/test ISI    (HAM 9) NSF 10 10 10-Apr-12 23-Apr-12 0% 74

IN-H2-IF2670 INS H2:  Checkout/test SUS    (HAM 9) NSF 10 10 24-Apr-12 07-May-12 0% 64

IN-H2-IF2690 INS H2:  Acceptance of HAM 8 NSF 40 40 24-Apr-12 19-Jun-12 0% 94

IN-H2-IF2700 INS H2: Acceptance of HAM 9 NSF 40 40 08-May-12 03-Jul-12 0% 84

IN-H2-IF3000 INS H2:  PSL/IO/IMC Testing NSF 60 60 20-Jun-12 13-Sep-12 0% 34

LIGO.4.13.2.1.8.LIGO.4.13.2.1.8.3  IN SMI Install and Testing H2LIGO.4.13.2.1.8.3  IN SMI Install and Testing H2 240 240 13-Feb-12 28-Jan-13 27
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IN-H2-FI1300 INS H2:  Install HEPI   (BSC 4, 7) NSF 35 35 13-Feb-12 02-Apr-12 0% 27

IN-H2-FI1100 INS H2:  Install HAM ISI   (HAM 10) (LOE) NSF 30 30 03-Apr-12 14-May-12 0% 27

IN-H2-FI1105 INS H2:  Install HAM ISI   (HAM 10) NSF 10 10 03-Apr-12 16-Apr-12 0% 27

IN-H2-FI1150 INS H2:  Install Small IO/SUS   (HAM 10, 11) (LOE) NSF 30 30 17-Apr-12 29-May-12 0% 59

IN-H2-FI1120 INS H2:  Install HAM ISI   (HAM 11) NSF 10 10 17-Apr-12 30-Apr-12 0% 27

IN-H2-FI1155 INS H2:  Install SUS/Optics   (HAM 10) NSF 15 15 17-Apr-12 07-May-12 0% 64

IN-H2-FI1135 INS H2:  Install HAM ISI   (HAM 12) NSF 10 10 01-May-12 14-May-12 0% 27

IN-H2-FI1175 INS H2:  Install SUS/Optics   (HAM 11) NSF 20 20 01-May-12 29-May-12 0% 59

IN-H2-FI1160 INS H2:  Checkout/test HEPI    (HAM 10) NSF 10 10 08-May-12 21-May-12 0% 64

IN-H2-FI1810 INS H2:  Checkout/test HEPI/ISI/SUS (HAM 10, 11)/HEPI/ISI (... NSF 45 45 08-May-12 11-Jul-12 0% 69

IN-H2-FI1500 INS H2:  Install  ISI, Quad, BS/FM Triple, COC, AOS  (BSC 4, ... NSF 57 57 15-May-12 03-Aug-12 0% 27

IN-H2-FI1520 INS H2:  Prep ISI on Stand for Cartridge Assy  (BSC4) NSF 6 6 15-May-12 22-May-12 0% 27

IN-H2-FI1145 INS H2:  Install SUS/Optics and ISC  (HAM 12) NSF 20 20 15-May-12 12-Jun-12 0% 69

IN-H2-FI1165 INS H2:  Checkout/test ISI    (HAM 10) NSF 10 10 22-May-12 05-Jun-12 0% 64

IN-H2-FI1530 INS H2:  Mate BS SUS to ISI  (BSC4) NSF 5 5 23-May-12 30-May-12 0% 27

IN-H2-FI1170 INS H2:  Checkout/test SUS    (HAM 10) NSF 10 10 30-May-12 12-Jun-12 0% 64

IN-H2-FI1180 INS H2:  Checkout/test HEPI    (HAM 11) NSF 10 10 30-May-12 12-Jun-12 0% 59

IN-H2-FI1540 INS H2:  Install BS Optic  (BSC4) NSF 5 5 31-May-12 06-Jun-12 0% 27

IN-H2-FI1560 INS H2:  Final Cartridge   (BSC4) NSF 5 5 07-Jun-12 13-Jun-12 0% 27

IN-H2-FI1185 INS H2:  Checkout/test ISI    (HAM 11) NSF 10 10 13-Jun-12 26-Jun-12 0% 59

IN-H2-FI1200 INS H2:  Checkout/test HEPI    (HAM 12) NSF 10 10 13-Jun-12 26-Jun-12 0% 69

IN-H2-FI1220 INS H2:  Acceptance of HAM 10 NSF 40 40 13-Jun-12 08-Aug-12 0% 139

IN-H2-FI1580 INS H2:  Install Cartridge BSC and Align (BSC4) NSF 5 5 14-Jun-12 20-Jun-12 0% 27

IN-H2-FI1190 INS H2:  Checkout/test SUS    (HAM 11) NSF 10 10 20-Jun-12 03-Jul-12 0% 59

IN-H2-FI1600 INS H2:  Checkout/Testing HEPI/ISI/SUS  (BSC 4, 7) (LOE) NSF 66 66 21-Jun-12 24-Sep-12 0% 27

IN-H2-FI1550 INS H2:  Checkout/test HEPI   (BSC4) NSF 10 10 21-Jun-12 05-Jul-12 0% 48

IN-H2-FI2260 INS H2:  Prep ISI on Stand for Cartridge Assy    X-arm (BSC7) NSF 6 6 21-Jun-12 28-Jun-12 0% 27

IN-H2-FI1195 INS H2:  Checkout/test ISI    (HAM 12) NSF 10 10 27-Jun-12 11-Jul-12 0% 69

IN-H2-FI2280 INS H2:  Mate Triple & Quad SUS on ISI    X-arm (BSC7) NSF 10 10 29-Jun-12 13-Jul-12 0% 27

IN-H2-FI1230 INS H2:  Acceptance of HAM 11 NSF 40 40 05-Jul-12 29-Aug-12 0% 124

IN-H2-FI1565 INS H2:  Checkout/test ISI   (BSC4) NSF 15 15 06-Jul-12 26-Jul-12 0% 48

IN-H2-FI1210 INS H2:  Checkout/test SUS/ISC    (HAM 12) NSF 10 10 12-Jul-12 25-Jul-12 0% 69

IN-H2-FI2310 INS H2:  Install FMX/ITMX & Weld Fibers    X-arm (BSC7) NSF 5 5 16-Jul-12 20-Jul-12 0% 27

IN-H2-FI1570 INS H2:  Checkout/test SUS   (BSC4) NSF 10 10 20-Jul-12 02-Aug-12 0% 48

IN-H2-FI2242 INS H2:  Finalize Cartridge, AOS Baffles  X-arm (BSC7) NSF 5 5 23-Jul-12 27-Jul-12 0% 27

IN-H2-FI1240 INS H2:  Acceptance of HAM 12 NSF 40 40 26-Jul-12 20-Sep-12 0% 109

IN-H2-FI2245 INS H2:   Install Cartridge in BSC & Align   X-arm (BSC7) NSF 5 5 30-Jul-12 03-Aug-12 0% 27

IN-H2-FI1590 INS H2:  Acceptance of BSC4 NSF 40 40 03-Aug-12 28-Sep-12 0% 103

IN-H2-FI2290 INS H2:  Checkout/test HEPI   X-arm (BSC7) NSF 10 10 06-Aug-12 17-Aug-12 0% 27

IN-H2-FI2275 INS H2:  Checkout/test ISI   X-arm (BSC7) NSF 15 15 20-Aug-12 10-Sep-12 0% 27

IN-H2-FI2300 INS H2:  Checkout/test SUS(Quad & Triple)   X-arm (BSC7) NSF 15 15 04-Sep-12 24-Sep-12 0% 27

IN-H2-FI1800 INS H2:  Short PRM Testing NSF 80 80 25-Sep-12 28-Jan-13 0% 27

IN-H2-FI2320 INS H2:  Acceptance of BSC7 NSF 40 40 25-Sep-12 19-Nov-12 0% 67

LIGO.4.13.2.1.8.LIGO.4.13.2.1.8.4  IN ETM (X arm) Install H2LIGO.4.13.2.1.8.4  IN ETM (X arm) Install H2 109 109 25-Sep-12 06-Mar-13 199

IN-H2-FI1900 INS H2:  Install ISI, Quad, COC in ETM   X-arm (BSC 5) (LOE) NSF 36 36 25-Sep-12 13-Nov-12 0% 27

IN-H2-FI2010 INS H2:  Prep ISI on Stand for Cartridge Assy  X-arm (BSC 5) NSF 6 6 25-Sep-12 02-Oct-12 0% 27
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LIGO  LIGO LaLIGO  LIGO Lab Program - AdvL CurrentLIGO  LIGO Lab Program - AdvL Current 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4  AdvanLIGO.4  Advanced LIGO ProjectLIGO.4  Advanced LIGO Project 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13  InstallaLIGO.4.13  Installation (IN)LIGO.4.13  Installation (IN) 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2  InstalLIGO.4.13.2  Installation (IN)LIGO.4.13.2  Installation (IN) 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2.2  IN ILIGO.4.13.2.2  IN Installation Site 1 (L1)LIGO.4.13.2.2  IN Installation Site 1 (L1) 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2.2.1  ILIGO.4.13.2.2.1  IN Site Management for Installation L1LIGO.4.13.2.2.1  IN Site Management for Installation L1 869 821 20-Oct-10 A 15-Apr-14 233

LIGO.4.13.2.2.3  ILIGO.4.13.2.2.3  IN Installation, Testing & Acceptance Site 1 (L1)LIGO.4.13.2.2.3  IN Installation, Testing & Acceptance Site 1 (L1) 645 605 20-Oct-10 A 03-Jun-13 4

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.2  IN PSL/IO/IMC Install & Testing L1LIGO.4.13.2.2.3.2  IN PSL/IO/IMC Install & Testing L1 340 300 20-Oct-10 A 15-Mar-12 19

LIGO.4.13.2.2.3LIGO.4.13.2.2.3.2.1  IN PSL & Table Install Enclosure L1LIGO.4.13.2.2.3.2.1  IN PSL & Table Install Enclosure L1 239 199 20-Oct-10 A 14-Oct-11 60

IN-L1-P1089 INS L1:  Remove Existing Laser/Install Table  (LOE) NSF 106 3 20-Oct-10 A 06-Jan-11 75% 103

IN-L1-P1305 INS L1:  Characterize Table NSF 5 3 20-Dec-10 A 06-Jan-11 75% 103

IN-L1-P1400 INS L1:  Install/Assemble PSL on Table NSF 50 50 27-Apr-11 07-Jul-11 0% 57

IN-L1-P1410 INS L1:  Install IO for PSL on Table NSF 10 10 08-Jul-11 21-Jul-11 0% 57

IN-L1-P1450 INS L1:  PSL/IO Table Testing NSF 60 60 22-Jul-11 14-Oct-11 0% 57

LIGO.4.13.2.2.3LIGO.4.13.2.2.3.2.2  IN Install Vertex L1LIGO.4.13.2.2.3.2.2  IN Install Vertex L1 177 137 20-Oct-10 A 19-Jul-11 122

IN-L1-P1500 INS L1:  Remove/Move Existing Equip in Vertex & Clean  (LOE) NSF 109 115 20-Oct-10 A 16-Jun-11 60% 4

IN-L1-P1505 INS L1:  Remove OpLev/TCS tables and Piers NSF 20 19 20-Oct-10 A 31-Jan-11 70% 26

IN-L1-P1555 INS L1:  Empty BSCs 1, 2, 3 NSF 20 19 16-Dec-10 A 31-Jan-11 10% 26

IN-L1-P1611 INS L1:  CDS Install (LVEA Chambers) (LOE) NSF 68 68 04-Jan-11 11-Apr-11 0% 191

IN-L1-P1355 INS L1:  String Cables & Install CDS Racks (All HAM's and All... NSF 30 30 04-Jan-11 15-Feb-11 0% 191

IN-L1-P1515 INS L1:  Remove Output Tube/Remove Septum Plate NSF 10 10 01-Feb-11 14-Feb-11 0% 35

IN-L1-P1525 INS L1:  Remove Input Tube NSF 10 10 01-Feb-11 14-Feb-11 0% 26

IN-L1-P1699 INS L1:  Relocate Vac Equip  (LOE) NSF 82 104 01-Feb-11 28-Jun-11 0% 13

IN-L1-P1610 INS L1:  Relocate HAM 6 NSF 10 10 15-Feb-11 01-Mar-11 0% 26

IN-L1-P1530 INS L1:  Install HEPI Piping NSF 30 30 15-Feb-11 29-Mar-11 0% 35

IN-L1-P1629 INS L1:  Install/Modify all HEPI  (LOE) NSF 34 34 15-Feb-11 04-Apr-11 0% 26

IN-L1-P1600 INS L1:  Relocate HAM 1 NSF 10 10 02-Mar-11 15-Mar-11 0% 45

IN-L1-P1630 INS L1:  Install HEPI  (HAM 5, 6)/Modify HEPI  (HAM 4) NSF 24 24 02-Mar-11 04-Apr-11 0% 26

IN-L1-P1612 INS L1:  Satellite Connection, Rack to Chamber Test (HAM4-6) NSF 10 10 02-Mar-11 15-Mar-11 0% 177

IN-L1-P1310 INS L1:  Install New PSL Enclosure NSF 30 30 16-Mar-11 26-Apr-11 0% 57

IN-L1-P1605 INS L1:  Satellite Connection, Rack to Chamber Test (HAM1-3) NSF 10 10 16-Mar-11 29-Mar-11 0% 177

IN-L1-P1557 INS L1:  Satellite Connection, Rack to Chamber Test (BSCs) NSF 20 20 30-Mar-11 26-Apr-11 0% 177

IN-L1-P1620 INS L1:  Install HEPI  (HAM 1)/INS L1:  Modify HEPI  (HAM 2, 3) NSF 25 25 05-Apr-11 09-May-11 0% 31

IN-L1-P1750 INS L1:  Clean Vertex, Chambers, Beam Tubes NSF 30 30 05-May-11 16-Jun-11 0% 4

IN-L1-P1700 INS L1:  Install I/O Tubes NSF 17 17 17-Jun-11 12-Jul-11 0% 4

IN-L1-P1615 INS L1:  Remove/Install HAM Septum Plates NSF 5 5 17-Jun-11 23-Jun-11 0% 13

IN-L1-P1720 INS L1:  Install Septum Plate between HAM 3 & BSC 2 NSF 3 3 24-Jun-11 28-Jun-11 0% 13

IN-L1-P1760 INS L1:  Final Wipe Down before ISI install NSF 5 5 13-Jul-11 19-Jul-11 0% 4

LIGO.4.13.2.2.3LIGO.4.13.2.2.3.2.3  IN Install IMC L1LIGO.4.13.2.2.3.2.3  IN Install IMC L1 163 163 20-Jul-11 15-Mar-12 19

IN-L1-P1900 INS L1:  Install Passive Stack/HAM ISI   (HAM 1,2,3)  (LOE) NSF 30 30 20-Jul-11 30-Aug-11 0% 4

IN-L1-P1950 INS L1:  Install  Passive Stack  (HAM 1) NSF 10 10 20-Jul-11 02-Aug-11 0% 4

IN-L1-P2100 INS L1:  Install Small IO/SUS/ISC/AOS  (HAM 1,2,3)  (LOE) NSF 50 50 03-Aug-11 12-Oct-11 0% 34

IN-L1-P1905 INS L1:  Install HAM ISI   (HAM 2) NSF 10 10 03-Aug-11 16-Aug-11 0% 4

IN-L1-P2103 INS L1:  Install Optics   (HAM 1) NSF 10 10 03-Aug-11 16-Aug-11 0% 19

IN-L1-P1930 INS L1:  Install HAM ISI   (HAM 3) NSF 10 10 17-Aug-11 30-Aug-11 0% 4

IN-L1-P2105 INS L1:  Install SUS/Optics   (HAM 2) NSF 25 25 17-Aug-11 21-Sep-11 0% 19
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IN-L1-P2110 INS L1:  Checkout/test HEPI/ISI/SUS  (HAM 1,2,3)  (LOE) NSF 80 80 17-Aug-11 09-Dec-11 0% 19

IN-L1-P2170 INS L1:  Checkout/test HEPI    (HAM 1) NSF 10 10 17-Aug-11 30-Aug-11 0% 34

IN-L1-P2180 INS L1:  Acceptance of HAM 1 NSF 40 40 31-Aug-11 26-Oct-11 0% 109

IN-L1-P2140 INS L1:  Checkout/test HEPI    (HAM 2) NSF 10 10 22-Sep-11 05-Oct-11 0% 19

IN-L1-P2200 INS L1:  Install SUS/Optics    (HAM 3) NSF 15 15 22-Sep-11 12-Oct-11 0% 34

IN-L1-P2150 INS L1:  Checkout/test ISI    (HAM 2) NSF 15 15 06-Oct-11 26-Oct-11 0% 19

IN-L1-P2220 INS L1:  Checkout/test HEPI    (HAM 3) NSF 10 10 13-Oct-11 26-Oct-11 0% 34

IN-L1-P2230 INS L1:  Checkout/test ISI    (HAM 3) NSF 10 10 27-Oct-11 09-Nov-11 0% 34

IN-L1-P2160 INS L1:  Checkout/test SUS    (HAM 2) NSF 15 15 03-Nov-11 23-Nov-11 0% 19

IN-L1-P2240 INS L1:  Checkout/test SUS    (HAM 3) NSF 10 10 28-Nov-11 09-Dec-11 0% 19

IN-L1-P2190 INS L1:  Acceptance of HAM 2 NSF 40 40 28-Nov-11 01-Feb-12 0% 49

IN-L1-P2300 INS L1:  PSL/IO/IMC Testing NSF 60 60 12-Dec-11 15-Mar-12 0% 19

IN-L1-P2210 INS L1:  Acceptance of HAM 3 NSF 40 40 12-Dec-11 15-Feb-12 0% 39

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.3  IN SMI Install & Testing L1LIGO.4.13.2.2.3.3  IN SMI Install & Testing L1 216 216 31-Aug-11 12-Jul-12 16

IN-L1-P3050 INS L1:  Install HAM ISI   (HAM 4,5,6)  (LOE) NSF 30 30 31-Aug-11 12-Oct-11 0% 4

IN-L1-P3080 INS L1:  Install HAM ISI   (HAM 4) NSF 10 10 31-Aug-11 14-Sep-11 0% 4

IN-L1-P3100 INS L1:  Install SUS/IO on HAM ISI    (HAM 4,5)  (LOE) NSF 35 35 15-Sep-11 02-Nov-11 0% 19

IN-L1-P3090 INS L1:  Install HAM ISI   (HAM 5) NSF 10 10 15-Sep-11 28-Sep-11 0% 4

IN-L1-P3105 INS L1:  Install SUS/Optics   (HAM 4) NSF 15 15 15-Sep-11 05-Oct-11 0% 19

IN-L1-P3070 INS L1:  Install HAM ISI   (HAM 6) NSF 10 10 29-Sep-11 12-Oct-11 0% 4

IN-L1-P3130 INS L1:  Checkout/test HEPI    (HAM 4) NSF 10 10 06-Oct-11 19-Oct-11 0% 39

IN-L1-P3205 INS L1:  Install SUS/Optics   (HAM 5) NSF 20 20 06-Oct-11 02-Nov-11 0% 19

IN-L1-P3110 INS L1:  Checkout/test HEPI/ISI/SUS   (HAM 4,5)  (LOE) NSF 45 45 06-Oct-11 09-Dec-11 0% 29

IN-L1-P3400 INS L1:  Install BSC ISI, SUS, BS, COC etc.  (BSC 1,2,3) (LOE) NSF 78 78 13-Oct-11 13-Feb-12 0% 4

IN-L1-P3405 INS L1:  Prep ISI on Stand for Cartridge Assy    (BSC2) NSF 6 6 13-Oct-11 20-Oct-11 0% 4

IN-L1-P3140 INS L1:  Checkout/test ISI    (HAM 4) NSF 10 10 20-Oct-11 02-Nov-11 0% 39

IN-L1-P3420 INS L1:  Mate BS SUS to  ISI   (BSC2) NSF 5 5 21-Oct-11 27-Oct-11 0% 4

IN-L1-P3150 INS L1:  Checkout/test SUS    (HAM 4) NSF 10 10 27-Oct-11 09-Nov-11 0% 42

IN-L1-P3440 INS L1:  Install BS Optics   (BSC2) NSF 5 5 28-Oct-11 03-Nov-11 0% 4

IN-L1-P3230 INS L1:  Checkout/test HEPI    (HAM 5) NSF 10 10 03-Nov-11 16-Nov-11 0% 29

IN-L1-P3270 INS L1:  Install SUS/Optics and ISC   (HAM 6) NSF 20 20 03-Nov-11 02-Dec-11 0% 19

IN-L1-P3444 INS L1:  Finalize Cartridge, AOS Baffles   (BSC2) NSF 5 5 04-Nov-11 10-Nov-11 0% 4

IN-L1-P3480 INS L1:  Install ISC and AOS  (BSC 1,2,3) (LOE) NSF 57 57 04-Nov-11 06-Feb-12 0% 4

IN-L1-P3160 INS L1:  Acceptance of   (HAM 4) NSF 40 40 10-Nov-11 12-Jan-12 0% 142

IN-L1-P3446 INS L1:  Install Cartridge in BSC & Align    (BSC2) NSF 5 5 11-Nov-11 17-Nov-11 0% 4

IN-L1-P3250 INS L1:  Checkout/test ISI    (HAM 5) NSF 10 10 17-Nov-11 02-Dec-11 0% 29

IN-L1-P3450 INS L1:  Checkout/test HEPI   (BSC2) NSF 10 10 18-Nov-11 05-Dec-11 0% 33

IN-L1-P3600 INS L1:  Prep ISI on Stand for Cartridge Assy    (BSC3) NSF 6 6 18-Nov-11 29-Nov-11 0% 4

IN-L1-P3410 INS L1:  Checkout/test HEPI/ISI/SUS (BSC 1,2,3) (LOE) NSF 84 77 18-Nov-11 20-Mar-12 0% 16

IN-L1-P3260 INS L1:  Checkout/test SUS    (HAM 5) NSF 10 10 28-Nov-11 09-Dec-11 0% 29

IN-L1-P3620 INS L1:  Mate Quad SUS to  ISI   (BSC3) NSF 5 5 30-Nov-11 06-Dec-11 0% 4

IN-L1-P3275 INS L1:  Checkout/test HEPI    (HAM 6) NSF 10 10 05-Dec-11 16-Dec-11 0% 19

IN-L1-P3273 INS L1:  Checkout/test HEPI/ISI/SUS   (HAM 6)  (LOE) NSF 35 35 05-Dec-11 01-Feb-12 0% 19

IN-L1-P3460 INS L1:  Checkout/test ISI   (BSC2) NSF 15 15 06-Dec-11 04-Jan-12 0% 33

IN-L1-P3640 INS L1:  Install Optics and Weld Fiber    (BSC3) NSF 5 5 07-Dec-11 13-Dec-11 0% 4

IN-L1-P3280 INS L1:  Acceptance of  (HAM 5) NSF 40 40 12-Dec-11 15-Feb-12 0% 119
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IN-L1-P3645 INS L1:  Finalize Cartridge, AOS Baffles    (BSC3) NSF 5 5 14-Dec-11 20-Dec-11 0% 4

IN-L1-P3300 INS L1:  Checkout/test ISI    (HAM 6) NSF 10 10 19-Dec-11 10-Jan-12 0% 19

IN-L1-P3650 INS L1:  Install Cartridge in BSC & Align     (BSC3) NSF 5 5 21-Dec-11 05-Jan-12 0% 4

IN-L1-P3310 INS L1:  Checkout/test SUS    (HAM 6) NSF 20 20 04-Jan-12 01-Feb-12 0% 19

IN-L1-P3500 INS L1:  Prep ISI on Stand for Cartridge Assy    (BSC1) NSF 6 6 06-Jan-12 13-Jan-12 0% 4

IN-L1-P3660 INS L1:  Checkout/test HEPI   (BSC3) NSF 10 10 06-Jan-12 20-Jan-12 0% 32

IN-L1-P3520 INS L1:  Mate Quad SUS to  ISI  (BSC1) NSF 5 5 17-Jan-12 23-Jan-12 0% 4

IN-L1-P3670 INS L1:  Checkout/test ISI   (BSC3) NSF 15 15 23-Jan-12 10-Feb-12 0% 32

IN-L1-P3540 INS L1:  Install Optics and Weld Fiber    (BSC1) NSF 5 5 24-Jan-12 30-Jan-12 0% 4

IN-L1-P3545 INS L1:  Finalize Cartridge, AOS Baffles   (BSC1) NSF 5 5 31-Jan-12 06-Feb-12 0% 4

IN-L1-P3470 INS L1:  Checkout/test SUS   (BSC2) NSF 10 10 02-Feb-12 15-Feb-12 0% 19

IN-L1-P3320 INS L1:  Acceptance of  (HAM 6) NSF 40 40 02-Feb-12 29-Mar-12 0% 89

IN-L1-P3550 INS L1:  Install Cartridge in BSC & Align     (BSC1) NSF 5 5 07-Feb-12 13-Feb-12 0% 4

IN-L1-P3560 INS L1:  Checkout/test HEPI   (BSC1) NSF 10 10 14-Feb-12 28-Feb-12 0% 16

IN-L1-P3680 INS L1:  Checkout/test SUS   (BSC3) NSF 10 10 16-Feb-12 01-Mar-12 0% 19

IN-L1-P3490 INS L1: Acceptance of  (BSC2) NSF 40 40 16-Feb-12 12-Apr-12 0% 79

IN-L1-P3570 INS L1:  Checkout/test ISI   (BSC1) NSF 15 15 29-Feb-12 20-Mar-12 0% 16

IN-L1-P3690 INS L1:  Acceptance of   (BSC3) NSF 40 40 02-Mar-12 26-Apr-12 0% 69

IN-L1-P3580 INS L1:  Checkout/test SUS   (BSC1) NSF 10 10 07-Mar-12 20-Mar-12 0% 16

IN-L1-P3800 INS L1:  Short PRM Testing NSF 80 80 21-Mar-12 12-Jul-12 0% 16

IN-L1-P3590 INS L1:  Acceptance of  (BSC1) NSF 40 40 21-Mar-12 15-May-12 0% 56

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.5  IN ETM (X arm) Install L1LIGO.4.13.2.2.3.5  IN ETM (X arm) Install L1 267 267 20-Jul-11 10-Aug-12 185

IN-L1-E1000 INS L1:  Remove existing equip in ETM BSC    X- arm (BSC4) NSF 7 7 20-Jul-11 28-Jul-11 0% 115

IN-L1-E1310 INS L1:  Remove Equip & Clean  ETM  X-arm (BSC4) (LOE) NSF 27 27 20-Jul-11 25-Aug-11 0% 115

IN-L1-E1330 INS L1:  CDS and Cable Removal  ETM  X-arm (BSC4) NSF 5 5 20-Jul-11 26-Jul-11 0% 117

IN-L1-E1345 INS L1:  String Cables & Install CDS Racks (BSC4) X-arm NSF 10 10 27-Jul-11 09-Aug-11 0% 117

IN-L1-E1340 INS L1:  CDS Install ETM  X-arm (BSC4) (LOE) NSF 10 26 27-Jul-11 31-Aug-11 0% 127

IN-L1-E1120 INS L1:  Flush HEPI    X- arm (BSC4) NSF 10 10 29-Jul-11 11-Aug-11 0% 115

IN-L1-E1110 INS L1:  Clean BSC   X- arm (BSC4) NSF 10 10 12-Aug-11 25-Aug-11 0% 115

IN-L1-E1112 INS L1:  Satellite Connection, Rack to Chamber Test (BSC 4) NSF 10 10 17-Aug-11 31-Aug-11 0% 127

IN-L1-E1300 INS L1:  Install ISI, Quad, COC in ETM  X-arm (BSC4) (LOE) NSF 36 36 14-Feb-12 04-Apr-12 0% 4

IN-L1-E1325 INS L1:  Prep ISI on Stand for Cartridge Assy    X- arm (BSC4) NSF 6 6 14-Feb-12 22-Feb-12 0% 4

IN-L1-E1360 INS L1:  Mate Quad SUS on ISI   X- arm (BSC4) NSF 5 5 23-Feb-12 29-Feb-12 0% 4

IN-L1-E1385 INS L1:  Install Optics & Weld Fiber   X- arm (BSC4) NSF 5 5 01-Mar-12 07-Mar-12 0% 4

IN-L1-E1320 INS L1:  Install ISC & AOS in ETM  X-arm (BSC4) (LOE) NSF 25 25 08-Mar-12 11-Apr-12 0% 25

IN-L1-E1395 INS L1:  Install AOS: Transmon/Baffles/PCal   X- arm (BSC4) NSF 5 5 08-Mar-12 14-Mar-12 0% 4

IN-L1-E3180 INS L1:  Finalize Cartridge, Transmission/Baffles X-arm (BSC4) NSF 10 10 15-Mar-12 28-Mar-12 0% 4

IN-L1-E1397 INS L1:  Install Cartridge in BSC & Align    X- arm (BSC4) NSF 5 5 29-Mar-12 04-Apr-12 0% 4

IN-L1-E1410 INS L1:  Checkout/test HEPI    X- arm (BSC4) NSF 10 10 05-Apr-12 18-Apr-12 0% 5

IN-L1-E1409 INS L1:  Checkout/test HEPI/ISI/SUS in ETMs  X- arm (BSC4)... NSF 44 25 05-Apr-12 09-May-12 0% 5

IN-L1-E1407 INS L1:  Install ISC Green Laser & Alignment, Install OptLev X... NSF 5 5 05-Apr-12 11-Apr-12 0% 25

IN-L1-E1420 INS L1:  Checkout/test ISI     X- arm (BSC4) NSF 15 15 19-Apr-12 09-May-12 0% 5

IN-L1-E1430 INS L1:  Checkout/test SUS    X- arm (BSC4) NSF 10 10 26-Apr-12 09-May-12 0% 5

IN-L1-E1429 INS L1: Checkout/test ISC and AOS in ETM  X- arm (BSC4) NSF 25 25 10-May-12 14-Jun-12 0% 5

IN-L1-E1419 INS L1:  Acceptance of (BSC4) NSF 40 40 15-Jun-12 10-Aug-12 0% 182

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.7  IN ETM (Y arm) Install L1LIGO.4.13.2.2.3.7  IN ETM (Y arm) Install L1 271 271 26-Aug-11 25-Sep-12 154
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IN-L1-YE1010 INS L1:  Remove existing equip in ETM      Y-arm (BSC5) NSF 7 7 26-Aug-11 06-Sep-11 0% 124

IN-L1-YE1340 INS L1:  Remove Equip & Clean  ETM  Y-arm (BSC5) (LOE) NSF 27 27 26-Aug-11 04-Oct-11 0% 124

IN-L1-YE1550 INS L1:  CDS and Cable Removal ETM  Y-arm (BSC5) NSF 5 5 26-Aug-11 01-Sep-11 0% 126

IN-L1-YE1355 INS L1:  String Cables & Install CDS Racks for all (BSC5) Y-arm NSF 10 10 02-Sep-11 16-Sep-11 0% 126

IN-L1-YE1560 INS L1:  CDS Install ETM  Y-arm (BSC5) (LOE) NSF 10 29 02-Sep-11 13-Oct-11 0% 118

IN-L1-YE1120 INS L1:  Flush HEPI    Y-arm (BSC5) NSF 10 10 07-Sep-11 20-Sep-11 0% 124

IN-L1-YE1110 INS L1:  Clean BSC    Y-arm (BSC5) NSF 10 10 21-Sep-11 04-Oct-11 0% 124

IN-L1-YE1012 INS L1:  Satellite Connection, Rack to Chamber Test (BSC 5) NSF 10 10 29-Sep-11 13-Oct-11 0% 118

IN-L1-YE1315 INS L1:  Prep ISI on Stand for Cartridge Assy   Y-arm (BSC5) NSF 6 6 05-Apr-12 12-Apr-12 0% 4

IN-L1-YE1345 INS L1:  Install ISI, Quad, COC in ETM  Y-arm (BSC5) (LOE) NSF 31 31 05-Apr-12 17-May-12 0% 4

IN-L1-YE1350 INS L1:  Mate Quad SUS on ISI     Y-arm (BSC5) NSF 5 5 13-Apr-12 19-Apr-12 0% 4

IN-L1-YE1375 INS L1:  Install Optics, & Weld Fiber     Y-arm (BSC5) NSF 5 5 20-Apr-12 26-Apr-12 0% 4

IN-L1-YE1360 INS L1:  Install ISC & AOS in ETM  Y-arm (BSC5) (LOE) NSF 28 39 27-Apr-12 21-Jun-12 0% 5

IN-L1-YE1405 INS L1:  Install AOS: Transmon/Baffles/PCal   Y- arm (BSC5) NSF 5 5 27-Apr-12 03-May-12 0% 4

IN-L1-YE1380 INS L1:  Finalize Alignment - Cartridge, Transmon/Baffles  Y- ... NSF 5 5 04-May-12 10-May-12 0% 4

IN-L1-YE1385 INS L1:  Install Cartridge in BSC & Align    Y- arm (BSC5) NSF 5 5 11-May-12 17-May-12 0% 4

IN-L1-YE1390 INS L1:  Checkout/test HEPI    Y-arm (BSC5) NSF 10 10 18-May-12 01-Jun-12 0% 4

IN-L1-YE1395 INS L1:  Checkout/test HEPI/ISI/SUS in ETM  Y-arm (BSC5) (... NSF 25 25 18-May-12 22-Jun-12 0% 4

IN-L1-YE1400 INS L1:  Checkout/test ISI   Y-arm (BSC5) NSF 15 15 04-Jun-12 22-Jun-12 0% 4

IN-L1-YE1410 INS L1:  Checkout/test SUS   Y-arm (BSC5) NSF 10 10 11-Jun-12 22-Jun-12 0% 4

IN-L1-YE1417 INS L1:  Install ISC Green Laser & Alignment, Install OptLev Y... NSF 5 5 15-Jun-12 21-Jun-12 0% 5

IN-L1-YE1429 INS L1:  Checkout/test ISC and AOS in ETMs  Y- arm (BSC5) NSF 25 25 25-Jun-12 30-Jul-12 0% 4

IN-L1-YE1439 INS L1:  Acceptance of  (BSC5) NSF 40 40 31-Jul-12 25-Sep-12 0% 151

LIGO.4.13.2.2.3.LIGO.4.13.2.2.3.8  IN Full Interferometer Testing & Acceptance L1LIGO.4.13.2.2.3.8  IN Full Interferometer Testing & Acceptance L1 210 210 31-Jul-12 03-Jun-13 4

IN-L1-IA2785 INS L1: Full Interferometer Testing/Lock NSF 210 210 31-Jul-12 03-Jun-13 0% 4

IN-L1-IA2795 INS L1: Acceptance Review NSF 20 20 06-May-13 03-Jun-13 0% 4

IN-L1-M00032 INS L1: Full IFO Lock/Acceptance (1st IFO Completed) NSF 0 0 03-Jun-13 0% 4
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LIGO  LIGO LaLIGO  LIGO Lab Program - AdvL CurrentLIGO  LIGO Lab Program - AdvL Current 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4  AdvanLIGO.4  Advanced LIGO ProjectLIGO.4  Advanced LIGO Project 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13  InstallaLIGO.4.13  Installation (IN)LIGO.4.13  Installation (IN) 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13.2  InstalLIGO.4.13.2  Installation (IN)LIGO.4.13.2  Installation (IN) 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13.2.1  IN ILIGO.4.13.2.1  IN Installation Site 2 (H1, H2)LIGO.4.13.2.1  IN Installation Site 2 (H1, H2) 892 852 20-Oct-10 A 29-May-14 -31

LIGO.4.13.2.1.3  ILIGO.4.13.2.1.3  IN Single Arm Install & Testing (Y arm) H2LIGO.4.13.2.1.3  IN Single Arm Install & Testing (Y arm) H2 367 327 20-Oct-10 A 23-Apr-12 27

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.2  IN ETM (Y arm) Install  H2LIGO.4.13.2.1.3.2  IN ETM (Y arm) Install  H2 244 204 20-Oct-10 A 21-Oct-11 70

IN-H2-SA1715 INS H2:  Remove Existing CDS and Cables in MID Y NSF 5 20 20-Oct-10 A 01-Feb-11 95% 73

IN-H2-SA1100 INS H2:  Remove Existing Equip in MY, ETM Y-arm (BSC6) NSF 21 20 22-Oct-10 A 01-Feb-11 95% -2

IN-H2-SA1810 INS H2:  Remove, Relocate  (BSC6)  (LOE) NSF 62 40 22-Oct-10 A 02-Mar-11 95% -2

IN-H2-SA1520 INS H2:  Install BSC Spool End  Y-arm (BSC6) NSF 7 7 04-Jan-11 12-Jan-11 0% 60

IN-H2-SA1200 INS H2:  Remove Piers Y-arm (BSC6) NSF 5 5 02-Feb-11 08-Feb-11 0% -2

IN-H2-SA1210 INS H2:  Relocate Chamber and Piers  Y-arm (BSC6) NSF 15 15 09-Feb-11 02-Mar-11 0% -2

IN-H2-SA1500 INS H2:  Install BSC Spool Mid  Y-arm (BSC6) NSF 7 7 23-Feb-11 04-Mar-11 0% -4

IN-H2-SA1310 INS H2:  Install HEPI Plumbing for ETM  Y-arm (BSC6) NSF 15 15 03-Mar-11 23-Mar-11 0% 7

IN-H2-SA2130 INS H2:  Install HEPI (Plumbing) for ETM   Y-arm (BSC6) (LOE) NSF 24 26 03-Mar-11 07-Apr-11 0% -4

IN-H2-SA1300 INS H2:  Install HEPI for ETM  Y-arm (BSC6) NSF 24 24 04-Mar-11 07-Apr-11 0% -4

IN-H2-SA2225 INS H2:  String Cables & Install CDS Racks   Y-arm (BSC6) NSF 10 10 14-Mar-11 28-Mar-11 0% 35

IN-H2-SA2302 INS H2:  CDS Install  (BSC6)  (LOE) NSF 20 20 14-Mar-11 11-Apr-11 0% 35

IN-H2-SA1705 INS H2:  Satellite Connection, Rack to Chamber Test   Y-arm (... NSF 10 10 28-Mar-11 11-Apr-11 0% 35

IN-H2-SA1510 INS H2:  Wipe Down/Clean Endstation/In Chamber Clean  Y-a... NSF 5 5 07-Apr-11 14-Apr-11 0% -4

IN-H2-SA1700 INS H2:  Install ISI, Quad, COC in ETM Y -arm (BSC6) LOE NSF 36 36 24-May-11 14-Jul-11 0% -31

IN-H2-SA1710 INS H2:  Prep ISI on Stand for Cartridge Assy    Y-arm (BSC6) NSF 6 6 24-May-11 01-Jun-11 0% -31

IN-H2-SA1712 INS H2:  Mate Quad SUS on ISI   Y-arm (BSC6) NSF 5 5 02-Jun-11 08-Jun-11 0% -31

IN-H2-SA1730 INS H2:   Install Optics & Weld Fiber   Y-arm (BSC6) NSF 5 5 09-Jun-11 15-Jun-11 0% -31

IN-H2-SA1740 INS H2:  Install ISC and AOS in ETM   Y-arm (BSC6)  (LOE) NSF 25 25 16-Jun-11 21-Jul-11 0% -31

IN-H2-SA1780 INS H2:   Install AOS: TransMon/Baffles/PCal   Y-arm (BSC6) NSF 5 5 16-Jun-11 22-Jun-11 0% -31

IN-H2-SA1760 INS H2:   Finalize & Align Cartridge/TransMon/Baffles/PCal  Y... NSF 10 10 23-Jun-11 07-Jul-11 0% -31

IN-H2-SA1720 INS H2:   Install Cartridge in BSC & Align   Y-arm (BSC6) NSF 5 5 08-Jul-11 14-Jul-11 0% -31

IN-H2-SA1750 INS H2:  Checkout/Test HEPI   Y-arm (BSC6) NSF 10 10 15-Jul-11 28-Jul-11 0% -31

IN-H2-SA1790 INS H2:   Install ISC Green Laser & Align, Install OptLev  Y-ar... NSF 5 5 15-Jul-11 21-Jul-11 0% -31

IN-H2-SA1820 INS H2:  Checkout/Test  HEPI/ISI/SUS   Y-arm (BSC6)  (LOE) NSF 30 30 15-Jul-11 25-Aug-11 0% -31

IN-H2-SA1800 INS H2:  Checkout/Test ISC and AOS   Y-arm (BSC6) NSF 25 25 22-Jul-11 25-Aug-11 0% -31

IN-H2-SA1765 INS H2:  Checkout/Test  ISI    Y-arm (BSC6) NSF 15 15 29-Jul-11 18-Aug-11 0% -31

IN-H2-SA1770 INS H2:  Checkout/Test SUS   Y-arm (BSC6) NSF 10 10 12-Aug-11 25-Aug-11 0% -31

IN-H2-SA1840 INS H2:  Acceptance of (BSC6) NSF 40 40 26-Aug-11 21-Oct-11 0% 67

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.3  IN ITM (Y arm) Install H2LIGO.4.13.2.1.3.3  IN ITM (Y arm) Install H2 189 189 04-Jan-11 30-Sep-11 85

IN-H2-SA2100 INS H2:  Install HEPI for ITM   Y-arm (BSC8) NSF 20 20 04-Jan-11 01-Feb-11 0% 12

IN-H2-SA1320 INS H2:  Install Temp HEPI Plumbing for ITM  Y-arm (BSC8) NSF 15 15 04-Jan-11 25-Jan-11 0% 12

IN-H2-SA2215 INS H2:  String Cables & Install CDS Racks   Y-arm (BSC8) NSF 10 10 04-Jan-11 18-Jan-11 0% 88

IN-H2-SA2301 INS H2:  CDS Install  (BSC8)  (LOE) NSF 20 68 04-Jan-11 11-Apr-11 0% 40

IN-H2-SA2120 INS H2:  Install HEPI for ITM Y-arm (BSC8) LOE NSF 2 20 04-Jan-11 01-Feb-11 0% 12

IN-H2-SA2010 INS H2:  Remove Table, stack, and Support Table ITM   Y-ar... NSF 15 15 02-Feb-11 23-Feb-11 0% 12

IN-H2-SA2110 INS H2:  Clean BSC 8 & Y Manifold   Y-arm (BSC8) NSF 10 10 24-Feb-11 09-Mar-11 0% 12

IN-H2-SA2205 INS H2:  Satellite Connection, Rack to Chamber Test Y-arm (... NSF 10 10 28-Mar-11 11-Apr-11 0% 40

IN-H2-SA2200 INS H2:  Install ISI, Quad, Triple, FM, COC, AOS in ITM  Y-ar... NSF 31 41 03-May-11 29-Jun-11 0% -16
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IN-H2-SA2210 INS H2:  Prep ISI on Stand for Cartridge Assy Y-arm (BSC8) NSF 6 6 03-May-11 10-May-11 0% -26

IN-H2-SA2220 INS H2:  Mate Triple & Quad SUS on ISI    Y-arm (BSC8) NSF 10 10 11-May-11 24-May-11 0% -26

IN-H2-SA2230 INS H2:  Install FMY/ITMY & Weld Fibers    Y-arm (BSC8) NSF 5 5 01-Jun-11 08-Jun-11 0% -31

IN-H2-SA2232 INS H2:   Finalize Cartridge, AOS Baffles  Y-arm (BSC8) NSF 5 5 08-Jun-11 15-Jun-11 0% -16

IN-H2-SA2235 INS H2:   Install Cartridge in BSC & Align   Y-arm (BSC8) NSF 10 10 15-Jun-11 29-Jun-11 0% -16

IN-H2-SA2250 INS H2:  Checkout/Test HEPI   Y-arm (BSC8) NSF 10 10 29-Jun-11 14-Jul-11 0% -16

IN-H2-SA1830 INS H2:  Checkout/Test  HEPI/ISI/SUS   Y-arm (BSC8)  (LOE) NSF 35 25 29-Jun-11 04-Aug-11 0% -16

IN-H2-SA2270 INS H2:  Checkout/test SUS(Quad & Triple)   Y-arm (BSC8) NSF 15 15 14-Jul-11 04-Aug-11 0% -16

IN-H2-SA2265 INS H2:  Checkout/test ISI   Y-arm (BSC8) NSF 15 15 14-Jul-11 04-Aug-11 0% -16

IN-H2-SA2280 INS H2: Acceptance of (BSC8) NSF 40 40 04-Aug-11 30-Sep-11 0% 82

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.4  IN Single Arm Test H2LIGO.4.13.2.1.3.4  IN Single Arm Test H2 163 163 26-Aug-11 23-Apr-12 27

IN-H2-SA3000 INS H2:  Single Arm Lock Acquisition Testing During Squeeze... NSF 80 80 26-Aug-11 20-Dec-11 0% -31

IN-H2-SA3020 INS H2:  Start Single Arm Lock Acquisition Testing  Y-arm NSF 0 0 26-Aug-11 0% -31

IN-H2-SA3030 INS H2:  Finish Single Arm Test with Squeezing NSF 0 0 20-Dec-11 0% -31

IN-H2-SA3010 INS H2:  Single Arm Lock Acquisition Testing During Installati... NSF 80 80 21-Dec-11 23-Apr-12 0% 27

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.5  IN ETM (X arm) Relocate H2LIGO.4.13.2.1.3.5  IN ETM (X arm) Relocate H2 81 81 02-Feb-11 26-May-11 112

IN-H2-IF1100 INS H2:  Remove Clear and Remove Optics Table  (BSC5) NSF 21 21 02-Feb-11 03-Mar-11 0% 42

IN-H2-IF1250 INS H2:  Remove, Relocate  (BSC5)  (LOE) NSF 36 36 02-Feb-11 24-Mar-11 0% 42

IN-H2-IF1200 INS H2:  Remove Passive Stack  X-arm (BSC5) NSF 15 15 04-Mar-11 24-Mar-11 0% 42

IN-H2-IF1210 INS H2:  Remove Existing CDS and Cables EX NSF 5 5 11-Mar-11 17-Mar-11 0% 42

IN-H2-IF1450 INS H2:  Install Spool in Mid-station   (MX) NSF 5 5 17-Mar-11 24-Mar-11 0% 62

IN-H2-IF1300 INS H2:  Install HEPI for ETM   X-arm (BSC5) NSF 24 24 18-Mar-11 20-Apr-11 0% 42

IN-H2-IF1220 INS H2:  Install HEPI Plumbing for ETM  X-arm (BSC5) NSF 15 15 18-Mar-11 07-Apr-11 0% 42

IN-H2-IF1310 INS H2:  Install HEPI for ETM   X-arm (BSC5) (LOE) NSF 24 24 18-Mar-11 20-Apr-11 0% 42

IN-H2-IF2245 INS H2:  String Cables & Install CDS Racks   Y-arm (BSC5) NSF 10 10 25-Mar-11 07-Apr-11 0% 42

IN-H2-IF2303 INS H2:  CDS Install  (BSC5)  (LOE) NSF 20 20 25-Mar-11 21-Apr-11 0% 42

IN-H2-IF1230 INS H2: Satellite Connection, Rack to Chamber Test  X-arm (... NSF 10 10 08-Apr-11 21-Apr-11 0% 42

IN-H2-IF1500 INS H2:  Install BSC spools   X-arm (BSC5) NSF 15 15 22-Apr-11 12-May-11 0% 42

IN-H2-IF1510 INS H2:  Wipedown/Clean Endstation/In Chamber Clean   X-a... NSF 10 10 13-May-11 26-May-11 0% 112

LIGO.4.13.2.1.3.LIGO.4.13.2.1.3.6  IN PSL/SMI Removal & Relocations H2LIGO.4.13.2.1.3.6  IN PSL/SMI Removal & Relocations H2 215 175 20-Oct-10 A 12-Sep-11 146

LIGO.4.13.2.1.3LIGO.4.13.2.1.3.6.1  IN Install PSL Enclosure H2LIGO.4.13.2.1.3.6.1  IN Install PSL Enclosure H2 215 175 20-Oct-10 A 12-Sep-11 106

IN-H2-PL1130 INS H2:  Remove Existing Laser/Install Table  (LOE) NSF 25 10 20-Oct-10 A 18-Jan-11 50% 238

IN-H2-PL1100 INS H2:  Install Align/Grout PSL Table NSF 5 5 04-Jan-11 10-Jan-11 0% 238

IN-H2-PL1110 INS H2:  Characterize Table NSF 5 5 11-Jan-11 18-Jan-11 0% 238

IN-H2-PL1120 INS H2:  Install New PSL Enclosure NSF 30 30 29-Jul-11 12-Sep-11 0% 103

LIGO.4.13.2.1.3LIGO.4.13.2.1.3.6.2  IN Vertex/IMC Removal & Relocations H2LIGO.4.13.2.1.3.6.2  IN Vertex/IMC Removal & Relocations H2 145 105 20-Oct-10 A 02-Jun-11 216

IN-H2-IF2010 INS H2:  Replace Crossbeams NSF 4 4 20-Oct-10 A 07-Jan-11 30% 147

IN-H2-IF2070 INS H2:  Remove Optics Table, passive stack NSF 3 3 20-Oct-10 A 06-Jan-11 25% 153

IN-H2-IF2020 INS H2:  Empty HAM 8, 9, 10 NSF 5 5 15-Dec-10 A 10-Jan-11 80% 313

IN-H2-IF2050 INS H2:  Install HEPI HAM 8, 9, 10 NSF 10 9 17-Dec-10 A 14-Jan-11 3% 147

IN-H2-IF2015 INS H2:  Install HEPI All HAMs (LOE) NSF 56 36 17-Dec-10 A 24-Feb-11 50% 95

IN-H2-IF2030 INS H2:  Remove Output Tube NSF 8 8 04-Jan-11 13-Jan-11 0% 95

IN-H2-IF2083 INS H2:  Empty BSCs 7 & 4 NSF 15 15 04-Jan-11 25-Jan-11 0% 143

IN-H2-IF2005 INS H2:  Remove IO Tubes (LOE) NSF 16 16 04-Jan-11 26-Jan-11 0% 95

IN-H2-IF2085 INS H2:  Remove Input Tube  HAM 7 NSF 8 8 14-Jan-11 26-Jan-11 0% 95

IN-H2-IF2255 INS H2:  String Cables & Install CDS Racks   (All HAMs, BSC... NSF 15 7 14-Jan-11 25-Jan-11 0% 143
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IN-H2-IF2304 INS H2:  CDS Install  (All HAMs, BSCs 4, 7)  (LOE) NSF 58 28 14-Jan-11 24-Feb-11 0% 142

IN-H2-IF2060 INS H2:  Remove Support Table HAM's 8, 9, 10 NSF 2 2 18-Jan-11 19-Jan-11 0% 147

IN-H2-IF2045 INS H2:  Satellite Connection, Rack to Chamber Test (HAM 8,... NSF 10 10 26-Jan-11 08-Feb-11 0% 143

IN-H2-IF2100 INS H2:  Relocate HAM 7 NSF 10 10 27-Jan-11 09-Feb-11 0% 95

IN-H2-IF2110 INS H2:  Install HEPI HAM's  8, 9, 10 ( Duplicate Link then Re... NSF 10 10 10-Feb-11 24-Feb-11 0% 95

IN-H2-IF2105 INS H2:  Satellite Connection, Rack to Chamber Test (HAM 7-9) NSF 10 10 10-Feb-11 24-Feb-11 0% 142

IN-H2-IF2140 INS H2:  Clean Diagonal, Chambers, & Beam Tubes NSF 20 20 25-Feb-11 24-Mar-11 0% 142

IN-H2-IF2120 INS H2:  Extract Support Table HAM 7 NSF 2 2 25-Feb-11 28-Feb-11 0% 95

IN-H2-IF2199 INS H2:  I/O Tubes & Septum Plates delivered to site NSF 0 0 10-May-11 0% 108

IN-H2-IF2200 INS H2:  Install I/O Manifold Tubes & Septum Plates NSF 15 15 11-May-11 02-Jun-11 0% 108

LIGO.4.13.2.1.5  ILIGO.4.13.2.1.5  IN Squeezing Test H1LIGO.4.13.2.1.5  IN Squeezing Test H1 190 190 22-Mar-11 21-Dec-11 30

IN-H1-SA1200 INS H1:  Squeezer Equipment Ready For Install NSF 1 1 22-Mar-11 23-Mar-11 0% 47

IN-H1-SA1300 INS H1:  Vent/Install FI & Squeezer/Reprotect TMs, BS NSF 21 21 23-Mar-11 21-Apr-11 0% 47

IN-H1-ST1000 INS H1:  Unlock/Recover H1 for Squeezing Test NSF 10 10 21-Apr-11 05-May-11 0% 47

IN-H1-ST1020 INS H1:  Start Squeezer Testing NSF 0 0 26-Aug-11 0% 49

IN-H1-ST3040 INS H2:  Squeezer Testing NSF 80 80 26-Aug-11 20-Dec-11 0% -31

IN-H1-ST1010 INS H1:  Finish Squeezer Testing NSF 0 0 21-Dec-11 0% 27

LIGO.4.13.2.1.8  ILIGO.4.13.2.1.8  IN Final Installation, Testing & Acceptance Site 2 (H2)LIGO.4.13.2.1.8  IN Final Installation, Testing & Acceptance Site 2 (H2) 299 299 21-Dec-11 06-Mar-13 199

LIGO.4.13.2.1.8.LIGO.4.13.2.1.8.1  IN PSL/IO/IMC Install & Testing H2LIGO.4.13.2.1.8.1  IN PSL/IO/IMC Install & Testing H2 183 183 21-Dec-11 13-Sep-12 34

LIGO.4.13.2.1.8LIGO.4.13.2.1.8.1.1  IN PSL/IO Table Equipment Install H2LIGO.4.13.2.1.8.1.1  IN PSL/IO Table Equipment Install H2 123 123 21-Dec-11 19-Jun-12 34

IN-H2-IF2270 INS H2:  Install/Assemble PSL on Table NSF 50 50 21-Dec-11 12-Mar-12 0% 34

IN-H2-IF2275 INS H2:  Install IO for PSL on Table NSF 10 10 13-Mar-12 26-Mar-12 0% 34

IN-H2-IF2290 INS H2:  PSL/IO Table Testing NSF 60 60 27-Mar-12 19-Jun-12 0% 34

LIGO.4.13.2.1.8LIGO.4.13.2.1.8.1.3  IN Install IMC H2LIGO.4.13.2.1.8.1.3  IN Install IMC H2 183 183 21-Dec-11 13-Sep-12 34

IN-H2-IF2400 INS H2:  Install Passive Stack/HAM ISI   (HAM 7,8,9) (LOE) NSF 30 30 21-Dec-11 10-Feb-12 0% 27

IN-H2-IF2470 INS H2:  Install Passive Stack  (HAM 7) NSF 10 10 21-Dec-11 12-Jan-12 0% 27

IN-H2-IF2710 INS H2: Install HEPI Plumbing NSF 7 7 21-Dec-11 09-Jan-12 0% 127

IN-H2-IF2600 INS H2:  Install Small IO/SUS/ISC/AOS (HAM 7,8,9) (LOE) NSF 50 50 13-Jan-12 26-Mar-12 0% 74

IN-H2-IF2405 INS H2:  Install HAM ISI   (HAM 8) NSF 10 10 13-Jan-12 27-Jan-12 0% 27

IN-H2-IF2625 INS H2:  Install IO Optics   (HAM 7) NSF 10 10 13-Jan-12 27-Jan-12 0% 64

IN-H2-IF2445 INS H2:  Install HAM ISI   (HAM 9) NSF 10 10 30-Jan-12 10-Feb-12 0% 27

IN-H2-IF2605 INS H2:  Install SUS/Optics   (HAM 8) NSF 25 25 30-Jan-12 05-Mar-12 0% 64

IN-H2-IF2630 INS H2:  Checkout/test HEPI/ISI/SUS    (HAM 7, 8, 9) (LOE) NSF 70 70 30-Jan-12 07-May-12 0% 64

IN-H2-IF2640 INS H2:  Checkout/test HEPI    (HAM 7) NSF 10 10 30-Jan-12 10-Feb-12 0% 79

IN-H2-IF2680 INS H2:  Acceptance of HAM 7 NSF 40 40 13-Feb-12 09-Apr-12 0% 144

IN-H2-IF2610 INS H2:  Checkout/test HEPI    (HAM 8) NSF 10 10 06-Mar-12 19-Mar-12 0% 64

IN-H2-IF2650 INS H2:  Install SUS/Optics    (HAM 9) NSF 15 15 06-Mar-12 26-Mar-12 0% 74

IN-H2-IF2615 INS H2:  Checkout/test ISI    (HAM 8) NSF 15 15 20-Mar-12 09-Apr-12 0% 64

IN-H2-IF2660 INS H2:  Checkout/test HEPI    (HAM 9) NSF 10 10 27-Mar-12 09-Apr-12 0% 74

IN-H2-IF2620 INS H2:  Checkout/test SUS    (HAM 8) NSF 15 15 03-Apr-12 23-Apr-12 0% 64

IN-H2-IF2665 INS H2:  Checkout/test ISI    (HAM 9) NSF 10 10 10-Apr-12 23-Apr-12 0% 74

IN-H2-IF2670 INS H2:  Checkout/test SUS    (HAM 9) NSF 10 10 24-Apr-12 07-May-12 0% 64

IN-H2-IF2690 INS H2:  Acceptance of HAM 8 NSF 40 40 24-Apr-12 19-Jun-12 0% 94

IN-H2-IF2700 INS H2: Acceptance of HAM 9 NSF 40 40 08-May-12 03-Jul-12 0% 84

IN-H2-IF3000 INS H2:  PSL/IO/IMC Testing NSF 60 60 20-Jun-12 13-Sep-12 0% 34

LIGO.4.13.2.1.8.LIGO.4.13.2.1.8.3  IN SMI Install and Testing H2LIGO.4.13.2.1.8.3  IN SMI Install and Testing H2 240 240 13-Feb-12 28-Jan-13 27
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IN-H2-FI1300 INS H2:  Install HEPI   (BSC 4, 7) NSF 35 35 13-Feb-12 02-Apr-12 0% 27

IN-H2-FI1100 INS H2:  Install HAM ISI   (HAM 10) (LOE) NSF 30 30 03-Apr-12 14-May-12 0% 27

IN-H2-FI1105 INS H2:  Install HAM ISI   (HAM 10) NSF 10 10 03-Apr-12 16-Apr-12 0% 27

IN-H2-FI1150 INS H2:  Install Small IO/SUS   (HAM 10, 11) (LOE) NSF 30 30 17-Apr-12 29-May-12 0% 59

IN-H2-FI1120 INS H2:  Install HAM ISI   (HAM 11) NSF 10 10 17-Apr-12 30-Apr-12 0% 27

IN-H2-FI1155 INS H2:  Install SUS/Optics   (HAM 10) NSF 15 15 17-Apr-12 07-May-12 0% 64

IN-H2-FI1135 INS H2:  Install HAM ISI   (HAM 12) NSF 10 10 01-May-12 14-May-12 0% 27

IN-H2-FI1175 INS H2:  Install SUS/Optics   (HAM 11) NSF 20 20 01-May-12 29-May-12 0% 59

IN-H2-FI1160 INS H2:  Checkout/test HEPI    (HAM 10) NSF 10 10 08-May-12 21-May-12 0% 64

IN-H2-FI1810 INS H2:  Checkout/test HEPI/ISI/SUS (HAM 10, 11)/HEPI/ISI (... NSF 45 45 08-May-12 11-Jul-12 0% 69

IN-H2-FI1500 INS H2:  Install  ISI, Quad, BS/FM Triple, COC, AOS  (BSC 4, ... NSF 57 57 15-May-12 03-Aug-12 0% 27

IN-H2-FI1520 INS H2:  Prep ISI on Stand for Cartridge Assy  (BSC4) NSF 6 6 15-May-12 22-May-12 0% 27

IN-H2-FI1145 INS H2:  Install SUS/Optics and ISC  (HAM 12) NSF 20 20 15-May-12 12-Jun-12 0% 69

IN-H2-FI1165 INS H2:  Checkout/test ISI    (HAM 10) NSF 10 10 22-May-12 05-Jun-12 0% 64

IN-H2-FI1530 INS H2:  Mate BS SUS to ISI  (BSC4) NSF 5 5 23-May-12 30-May-12 0% 27

IN-H2-FI1170 INS H2:  Checkout/test SUS    (HAM 10) NSF 10 10 30-May-12 12-Jun-12 0% 64

IN-H2-FI1180 INS H2:  Checkout/test HEPI    (HAM 11) NSF 10 10 30-May-12 12-Jun-12 0% 59

IN-H2-FI1540 INS H2:  Install BS Optic  (BSC4) NSF 5 5 31-May-12 06-Jun-12 0% 27

IN-H2-FI1560 INS H2:  Final Cartridge   (BSC4) NSF 5 5 07-Jun-12 13-Jun-12 0% 27

IN-H2-FI1185 INS H2:  Checkout/test ISI    (HAM 11) NSF 10 10 13-Jun-12 26-Jun-12 0% 59

IN-H2-FI1200 INS H2:  Checkout/test HEPI    (HAM 12) NSF 10 10 13-Jun-12 26-Jun-12 0% 69

IN-H2-FI1220 INS H2:  Acceptance of HAM 10 NSF 40 40 13-Jun-12 08-Aug-12 0% 139

IN-H2-FI1580 INS H2:  Install Cartridge BSC and Align (BSC4) NSF 5 5 14-Jun-12 20-Jun-12 0% 27

IN-H2-FI1190 INS H2:  Checkout/test SUS    (HAM 11) NSF 10 10 20-Jun-12 03-Jul-12 0% 59

IN-H2-FI1600 INS H2:  Checkout/Testing HEPI/ISI/SUS  (BSC 4, 7) (LOE) NSF 66 66 21-Jun-12 24-Sep-12 0% 27

IN-H2-FI1550 INS H2:  Checkout/test HEPI   (BSC4) NSF 10 10 21-Jun-12 05-Jul-12 0% 48

IN-H2-FI2260 INS H2:  Prep ISI on Stand for Cartridge Assy    X-arm (BSC7) NSF 6 6 21-Jun-12 28-Jun-12 0% 27

IN-H2-FI1195 INS H2:  Checkout/test ISI    (HAM 12) NSF 10 10 27-Jun-12 11-Jul-12 0% 69

IN-H2-FI2280 INS H2:  Mate Triple & Quad SUS on ISI    X-arm (BSC7) NSF 10 10 29-Jun-12 13-Jul-12 0% 27

IN-H2-FI1230 INS H2:  Acceptance of HAM 11 NSF 40 40 05-Jul-12 29-Aug-12 0% 124

IN-H2-FI1565 INS H2:  Checkout/test ISI   (BSC4) NSF 15 15 06-Jul-12 26-Jul-12 0% 48

IN-H2-FI1210 INS H2:  Checkout/test SUS/ISC    (HAM 12) NSF 10 10 12-Jul-12 25-Jul-12 0% 69

IN-H2-FI2310 INS H2:  Install FMX/ITMX & Weld Fibers    X-arm (BSC7) NSF 5 5 16-Jul-12 20-Jul-12 0% 27

IN-H2-FI1570 INS H2:  Checkout/test SUS   (BSC4) NSF 10 10 20-Jul-12 02-Aug-12 0% 48

IN-H2-FI2242 INS H2:  Finalize Cartridge, AOS Baffles  X-arm (BSC7) NSF 5 5 23-Jul-12 27-Jul-12 0% 27

IN-H2-FI1240 INS H2:  Acceptance of HAM 12 NSF 40 40 26-Jul-12 20-Sep-12 0% 109

IN-H2-FI2245 INS H2:   Install Cartridge in BSC & Align   X-arm (BSC7) NSF 5 5 30-Jul-12 03-Aug-12 0% 27

IN-H2-FI1590 INS H2:  Acceptance of BSC4 NSF 40 40 03-Aug-12 28-Sep-12 0% 103

IN-H2-FI2290 INS H2:  Checkout/test HEPI   X-arm (BSC7) NSF 10 10 06-Aug-12 17-Aug-12 0% 27

IN-H2-FI2275 INS H2:  Checkout/test ISI   X-arm (BSC7) NSF 15 15 20-Aug-12 10-Sep-12 0% 27

IN-H2-FI2300 INS H2:  Checkout/test SUS(Quad & Triple)   X-arm (BSC7) NSF 15 15 04-Sep-12 24-Sep-12 0% 27

IN-H2-FI1800 INS H2:  Short PRM Testing NSF 80 80 25-Sep-12 28-Jan-13 0% 27

IN-H2-FI2320 INS H2:  Acceptance of BSC7 NSF 40 40 25-Sep-12 19-Nov-12 0% 67

LIGO.4.13.2.1.8.LIGO.4.13.2.1.8.4  IN ETM (X arm) Install H2LIGO.4.13.2.1.8.4  IN ETM (X arm) Install H2 109 109 25-Sep-12 06-Mar-13 199

IN-H2-FI1900 INS H2:  Install ISI, Quad, COC in ETM   X-arm (BSC 5) (LOE) NSF 36 36 25-Sep-12 13-Nov-12 0% 27

IN-H2-FI2010 INS H2:  Prep ISI on Stand for Cartridge Assy  X-arm (BSC 5) NSF 6 6 25-Sep-12 02-Oct-12 0% 27

FY2011 FY2012 FY2013
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Data Date:  01-Jan-11

Printed:  13-Jan-11

Project Finish:  23-Mar-15

Schedule mythology:

- January 2011:  
Deconstruction completed 

- Dec. 2011: Laser, input 
mode cleaner installed 

- Oct. 2012: Vertex installed

- Jan. 2013: First full 
interferometer installed, 
testing begins

- May 2014:  Advanced LIGO 
installation complete
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Predictions for the rates of compact binary coalescences observable by ground-
based gravitational-wave detectors
Classical and Quantum Gravity  27 (2010) 173001 
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• 3 site detection determines sky 

location (~0.1 srad/SNR), 
polarization and amplitude

• For NS/NS inspirals,  2 or more 
sites give M1, M2, and h0: 
standard candle to 400 Mpc

• EM / particle priors needed to 
invert the 12 parameters of 
spinning BH/BH waveforms: 
standard candle to 4000 Mpc

35
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eg. Hanford, Livingston,  
Virgo

37

Localization with advanced GW network 10

Figure 2. Distributions of localization accuracy for various networks

simplifying assumptions.
We have examined localization of BNS sources with a network of advanced

gravitational wave detectors. It seems reasonable to assume that the first operational
advanced detectors will be at the existing sites (LIGO Hanford, LIGO Livingston,
Virgo) as much of the infrastructure, including the beam tubes, is already in place.
Furthermore, there is a good chance that early science runs will be undertaken without
a signal recycling mirror (the NOSRM configuration in Table 1). This gives a frequency
bandwidth of 40 Hz for a BNS signal, compared to around 100 Hz in the other
configurations. Consequently, the localization accuracy of the network could initially
be about a factor of five worse than the results presented in Section 3, meaning only
the loudest signals will be well localized. However, there is the prospect for significant
improvement with the installation of signal recycling to provide a more broadband
spectrum and the additional new sites (LIGO Australia, LCGT) to the network. A
four site network operating with broadband sensitivity gives good sensitivity and
localization accuracy over the majority of the sky, with the potential for as many
as 50% of detected BNS coalescences to be localized (with 90% confidence) within 10
deg2. The five site network provides outstanding coverage over the whole sky with the
prospect of virtually every signal being localized within 20 deg2 and a third within
5 deg2. These localization areas are commensurate with the field of view of existing
and planned electromagnetic transient observatories providing the realistic prospect
for multi-messenger astronomy in the advanced detector era.

Localization with advanced GW network 8

Figure 1. The localization accuracy for face on BNS at 160 MPc in various net-

works of advanced detecors. An X is plotted at points where the network would

not confidently detect the system. The plots show the localization for six different

networks: Hanford–Hanford–Livingston–LCGT (HHJL); Australia–Hanford–

Livingston–LCGT (AHJL); Hanford–Hanford–Livingston–Virgo (HHLV);

Australia–Hanford–Livingston–Virgo (AHLV); Hanford–Hanford–Livingston–

LCGT–Virgo(HHJLV); Australia–Hanford–Livingston–LCGT–Virgo(AHJLV).

a uniform distribution of binary orientations. We use these distributions to simulate

the parameters of a large number of potential signals and for each signal determine

whether is is “detectable” in a given network, using the same conditions as previously.

For signals which are detected, we calculate the 90% localization area from (12-15).

Table 3 gives the results of the simulation. For each detector network, the

expected number of detectable signals as well as the number localizable withing 1,

5, 10 and 20 deg
2

is given. The numbers are normalized to give 40 signals with SNR

greater than 8 in a single detector, in accordance with the best estimate of the annual

astrophysical rate [23]. However, there is (at least) an order of magnitude uncertainty

in the rate of BNS signals. Additionally, some relatively simplistic assumptions have

been made for the detection threshold. Thus, the results in Table 3 should be taken as

illustrative: significant difference between network performance are meaningful, but

the actual values should not be taken too literally.

The results for a population of sources again provide a strong case for desiring

as many detectors at different sites as possible. As well as an increase in the absolute

(S. Fairhurst 2010)
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gravitational wave detectors. It seems reasonable to assume that the first operational
advanced detectors will be at the existing sites (LIGO Hanford, LIGO Livingston,
Virgo) as much of the infrastructure, including the beam tubes, is already in place.
Furthermore, there is a good chance that early science runs will be undertaken without
a signal recycling mirror (the NOSRM configuration in Table 1). This gives a frequency
bandwidth of 40 Hz for a BNS signal, compared to around 100 Hz in the other
configurations. Consequently, the localization accuracy of the network could initially
be about a factor of five worse than the results presented in Section 3, meaning only
the loudest signals will be well localized. However, there is the prospect for significant
improvement with the installation of signal recycling to provide a more broadband
spectrum and the additional new sites (LIGO Australia, LCGT) to the network. A
four site network operating with broadband sensitivity gives good sensitivity and
localization accuracy over the majority of the sky, with the potential for as many
as 50% of detected BNS coalescences to be localized (with 90% confidence) within 10
deg2. The five site network provides outstanding coverage over the whole sky with the
prospect of virtually every signal being localized within 20 deg2 and a third within
5 deg2. These localization areas are commensurate with the field of view of existing
and planned electromagnetic transient observatories providing the realistic prospect
for multi-messenger astronomy in the advanced detector era.
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Figure 1. The localization accuracy for face on BNS at 160 MPc in various net-

works of advanced detecors. An X is plotted at points where the network would

not confidently detect the system. The plots show the localization for six different

networks: Hanford–Hanford–Livingston–LCGT (HHJL); Australia–Hanford–

Livingston–LCGT (AHJL); Hanford–Hanford–Livingston–Virgo (HHLV);

Australia–Hanford–Livingston–Virgo (AHLV); Hanford–Hanford–Livingston–

LCGT–Virgo(HHJLV); Australia–Hanford–Livingston–LCGT–Virgo(AHJLV).

a uniform distribution of binary orientations. We use these distributions to simulate

the parameters of a large number of potential signals and for each signal determine

whether is is “detectable” in a given network, using the same conditions as previously.

For signals which are detected, we calculate the 90% localization area from (12-15).

Table 3 gives the results of the simulation. For each detector network, the

expected number of detectable signals as well as the number localizable withing 1,

5, 10 and 20 deg
2

is given. The numbers are normalized to give 40 signals with SNR

greater than 8 in a single detector, in accordance with the best estimate of the annual

astrophysical rate [23]. However, there is (at least) an order of magnitude uncertainty

in the rate of BNS signals. Additionally, some relatively simplistic assumptions have

been made for the detection threshold. Thus, the results in Table 3 should be taken as

illustrative: significant difference between network performance are meaningful, but

the actual values should not be taken too literally.

The results for a population of sources again provide a strong case for desiring

as many detectors at different sites as possible. As well as an increase in the absolute

(S. Fairhurst 2010)
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3rd aLIGO detector in India

India (Indigo) provides all the 
infrastructure - buildings, vacuum, 
clean rooms and staff

No new cost or delay to NSF/
LIGO project

Improved performance for EM 
surveys

38

HHLV

AHLV

(analysis shown is  for Australian site - 
similar improvement for Indian site) S. Fairhurst 2010
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Initial LIGO

Advanced LIGO 

Applied LIGO

39
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40Wigner; Rev. M. Phys. 1957

Quantum events in a 
GR metric

λP =
�

�G

c3
= 1.6× 10−35m

τP =
�

�G

c5
= 5.4× 10−44s
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 two measurements    
required to fix a two 
dimensional position

41

2-D quantum events 
in a GR metric
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2-D quantum events 
in a GR metric

[X̂, Ŷ ] �= 0
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SBH =
kBA

4λ2
PL

2-dimensional nature 
of BH entropy AdS/CFT

(Bekenstein 2007)
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Position wave function 
has transverse uncertainty, 
coherent across a null 
surface, as a random walk 
with step size P

tim
e-

lik
e

2-d space-like

[X̂, Ŷ ] = iλ2
P

Thursday, February 23, 2012



Waldman 
LBL RPM 

February 2012Claimed GEO600

44

h =
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τP /2π

= 0.9× 10−22
Hz

−1/2
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46

Coherent over a null surface

Correlation experiment eliminates technical noise,  
provides a difference measurement, and allows for 
modulation:
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47
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http://holometer.fermilab.gov

Original experiment suggested by 
S. Whitcomb and R. Weiss
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- Flat in frequency until FSR/2 @ 

2 MHz

- Depends on interferometer 
separation 

- Smoothly varying function of 
angle
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Arxiv [1002.4880] Interferometers as Probes 
of Planckian Quantum Geometry
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Two independent 
interferometers

Colocated (~1 m)

Wide bandwidth  
(40 MHz)
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40 m cavity test in meson
tunnel

groundwork for full 
holometer Oct. ’11
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First vacuum tube 
installed Oct. 2011

First light Feb. 2012

Second light April 
2012

Coherent operation 
Sept. 2012
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B.Lanza 02/14/12
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Fermilab E990
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19
25
Ap
J.
..
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1.
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37
M

Clearing, Illinois 1924

“Theory of the effect of the 
earth’s rotation on the velocity 
of light as derived on the 
hypothesis of the fixed ether.”
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- Initial LIGO recorded 2 years of data at h~10-23 with 
an expected rate of ~0.1/yr

- 100 Mpc detectors online in 2015, first science data

- First detections 2016-2017
- Design sensitivity by 2020, dozens of GWs/yr 

- Fermilab Holometer has installed first 40 m 
interferometer with First Light Februrary 2011

- Full experiment during the summer 2012
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